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INTRODUCTION 
In 1979 sorghum (Sorghum bicolor (L.) Moench) ranked sixth among 
all grain crops in acreage and fifth in production in the world, and 
third in acreage and production in the United States (Food and Agricul­
ture Organization, 1980). In the United States, sorghum grain is used 
primarily for animal feed, but in many other parts of the world is 
consumed directly as food. 
Of the many insect pests that attack sorghum, one of great world­
wide importance is sorghum shootfly (Atherigona soccata Rondani). This 
insect has not been reported as a pest in the western hemisphere, but 
is of major importance in Asia and parts of Africa. Although estimates 
of yield losses due to shootfly are not available, the general consensus 
is that A. soccata is the single most important pest of sorghum in 
Africa and Asia in those areas where it occurs (International Centre 
of Insect Physiology and Ecology (ICIPE), 1980) and is a major factor 
limiting the adoption of the use of higher yielding varieties and 
hybrids of sorghum in much of Africa and Asia (Jotwani and Young, 1972). 
The shootfly lays its eggs on the abaxial surface of the leaf 
blade of thé sorghum seedling, usually on the third to sixth leaves 
(Jain and Bhatnagar, 1962). After hatching, the larva crawls to the 
leaf collar and travels between the leaf sheaths until it reaches the 
shoot apex, which it severs, and then feeds on the decaying matter for a 
few days until it pupates and emerges as an adult fly. Growth of the 
main culm is terminated, and the central leaf or two in the whorl 
desiccate and turn brown—the characteristic symptom of shootfly 
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damage known as deadheart (DH). The plant may survive by tillering, 
but even if the tillers escape shootfly attack, grain yield is con­
siderably reduced. 
Host plant resistance is crucial in the control of sorghum shoot-
fly. Cultural controls are useful, but inadequate by themselves. 
Chemical control is only partially effective, and not feasible for 
subsistence farmers. Therefore, high priority must be given to breed­
ing for resistance. Although sources of resistance have been known 
for about 35 years (Ponnaiya, 1951a,b), there has been only minimal 
success in incorporating this resistance into improved varieties and 
hybrids. Greater knowledge of how resistance to shootfly is inherited 
would be useful in determining how to more effectively transfer 
resistance from local varieties into improved varieties and hybrids. 
Consequently, the objectives of my study were: 
(1) To determine how effectively parental resistance to shootfly was 
transmitted to its offspring, with sub-objectives being: 
(a) To determine whether non-additive genetic effects contributed 
to the variance among progeny from Design II matings. 
(b) To estimate the regression of hybrids on midparents and of 
progeny means on parents. 
(c) To estimate the magnitudes of additive, dominance, and 
epistatic components of generation means. 
(2) To estimate the heritability of shootfly resistance in matings of 
resistant x susceptible parents. 
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(3) To estimate the magnitude of genotype x environment interactions 
and determine their importance relative to genetic and error 
variances. 
(4) To determine whether transgressive segregation for resistance was 
present in Fj and progeny of resistant x resistant, resistant 
X susceptible and susceptible x susceptible matings. 
(5) To determine the inheritance of leaf blade trichomes and their 
effect on resistance to shootfly in segregating generations of 
sorghum matings. 
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REVIEW OF LITERATURE 
The Sorghum Shootfly 
Taxonomy and distribution 
Atherigona soccata Rondani, the predominant shootfly pest of 
sorghum in tlie Old World (Young and Teetes, 1977), is responsible for 
serious crop losses in many locations, including India (Veda Moorthy 
et al., 1965), Pakistan (Moiz and Naqvi, 1968, in Pont, 1972), 
Thailand (Harwood et al., 1972), Mainland China (Shiang-Lin et al., 
1980), West Africa (Curtis, 1965; Langham, 1968), Sudan (Clinton, 1960), 
East Africa (Barry, 1972), Tanzania (Swaine and Wyatt, 1954), Israel 
(Rivnay, 1962), and Egypt (El Abdin, 1980). 
The Latin name for the shootfly has been a matter of confusion, 
but recent reports generally follow Pont (1972) in using the name A. 
soccata Rondani. In earlier literature it was called A. indica Mailoch, 
A. india (sic) Mailoch, A. indica ssp. infuscata Emden, and A. varia 
ssp. soccata Rondani. It was also misidentified as A. varia (Meigen) 
and A. excisa (Thomson). Common names applied to the insect in India 
include Jowar fly and Choiam fly (Pont, 1972). 
Various other fly species can cause deadhearts in sorghum, but A. 
soccata is the most damaging (Pont, 1972). In South Africa, Anatrichus 
erinaceus Loew was reported as the primary species of shootfly attack­
ing sorghum (Matthee and Oberholzer, 1958), although A. soccata also is 
found there (Deeming, 1972). During the early rainy season, Oscinella 
sp. causes deadhearts in young sorghum seedlings at Samaru, Nigeria 
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(Deeming, 1972). Adesiyun (1980) and Langham (1968) have reared a 
number of insects of the genus Scoliophthalmus from sorghum plants 
with deadhearts at Zaria, Nigeria, but did not clearly establish whether 
these insects caused primary damage or were secondary invaders. Other 
species that may cause deadhearts in sorghum are A. approximata Malloch 
(Pont, 1972), A. steeleae van Emden, and A. humeralis (Wiedemann) 
(Deeming, 1972). A. soccata is the only shootfly species that causes 
significant damage to sorghum at the International Crops Research Insti­
tute for the Semi-Arid Tropics (ICRISAT) near Hyderabad (Seshu Reddy and 
Davies, 1978), and the primary species at Zaria, Nigeria (Langham, 1968), 
in Upper Volta (Bonzi, 1980), and in southern China (Zi-de et al., 1980). 
These reports and others (Pont, 1972; Deeming, 1972; Young and Teetes, 
1977) indicate that shootfly species other than A. soccata cause only 
minor damage to sorghum, except possibly in S. Africa, where Anatrichus 
erinaceus may be primary. 
Atherigona species that damage other crops are A. approximata 
Malloch on pearl millet (Pennisetum americanum (L.) Leeke), A. oryzae 
Malloch on rice (Oryza sativa L.) and maize (Zea mays L.), and A. naqvii 
Steyskal on wheat (Triticum aestivum L.) (Pont, 1972). 
Description and behavior 
The A. soccata adult is gray, usually 3-5 mm long, about 
1/3 to 1/2 the size of a housefly, with three pairs of black spots on 
the dorsum of its pale pink abdomen. Keys for identifying the Asian 
and African shootfly species have been developed by Pont (1972) and 
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Deeming (1972), respectively, based on adult male morphology. Clearwater 
(1976) described distinguishing features of the adult female morphology 
of A. soccata and four similar species. 
The life cycle of the sorghum shootfly has been investigated by 
numerous workers. Longevity of the male and female flies in captivity 
has been reported, respectively, as 7.3 and 17.1 days (Raina, 1978), 
20 and 30 days (Meksongsee et al., 1980a), and 21.1 and 33.2 days 
(ICIPE, 1975). Mating occurred one to two days after the female emerged 
from the pupal case and the preoviposition period lasted three to five 
days. The largest average number of eggs reported for a group of 
flies was 238 and the largest number for one female was 440 (Meksongsee 
et al., 1980b). A female fly mates only once, subsequently producing 
fertile eggs throughout her lifetime (Unnithan, 1980). Adult flies 
feed on cereal aphid honeydew (Soto, 1972) and perhaps plant exudates. 
Unnithan (1980) demonstrated that including cereal aphid honeydew 
in the diet quickened oocyte maturation, but honeydew from the pea 
aphid was not suitable for survival. Shiang-Lin et al. (1980) also 
stated that the presence of aphids seemed to increase shootfly 
attack. 
Oviposition, which occurs primarily in early morning or late after­
noon but never at night (Raina, 1978), usually occurs on the third to 
sixth leaves, though it may begin on the first leaf (Jain and Bhatnagar, 
1962). Viewed differently, the preferred leaves are the first and second 
below the central leaf in the whorl (Ogwaro, 1978). Eggs are laid on 
the abaxial leaf lamina near the midrib and parallel to it, usually on 
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the half nearest the stem (Jain and Bhatnagar, 1962). 
Since females usually lay only one egg per plant, multiple eggs 
on a single leaf are presumed to be from different females (Ogwaro, 
1978). ICIPE has initiated a search for an oviposition-deterring 
pheromone in response to the observation of several workers that eggs 
in the field were more uniformly distributed than would be expected if 
oviposition were a random process (personal communication. Dr. R. K. 
Maiti, ICRISAT, and Dr. A. K. Raina, ICIPE, and unpublished data of 
the author). However, Delobel (1980) concluded that egg distribution 
was random or slightly aggregated, and that the oviposition-deterring 
effect was either non-existent or weak. 
Ogwaro (1976) described the immature stages of A. soccata. The 
egg is white, cigar shaped, and 1.3 x 0.2 mm in size with a flattened 
keel along the length of the egg. The first instar larva has a semi-
transparent integument, is pale white in color and reaches a maximum 
size of 2.2 mm long and 0.3 mm wide. The second instar larva, which 
reaches a maximum size of 4.0 x 0.5 mm, shows characteristic shades of 
dull white and yellow in the integument from the deposition of the fat 
body beginning at the third and fourth segments. The third and final 
instar is creamy white with an opaque, granular integument, and attains 
maximum dimensions of 8.0 x 1.4 mm. The barrel-shaped, reddish brown pu-
parium is 5.0 x 1.2 mm and becomes dark brown near the time of emergence. 
Since its head and the first two thoracic segments are drawn in, only 
nine segments are visible. Descriptions of the immature stages by 
Ballard and Rao (1924) and Rao and Rao (1956) are less complete, but 
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generally agree with those of Ogwara. Barry's (1972) account is similar 
except that he reported the width of the egg as 0.6 mm. 
On the second or third morning after deposition, shootfly eggs 
hatch (Shiang-Lin et al., 1980), coinciding with the presence of moisture 
on the leaf, which favors larval movement to the stem (Raina, 1980). 
Thé first instar larva crawls to the collar of the leaf blade and pro­
ceeds between the leaf sheaths to the base of the stem (Ponnaiya, 1951b). 
From one to six hours (Shiang-Lin et al., 1980; Raina, 1980) elapse 
between egg hatching and the larva entering the shoot. On reaching the 
base of the leaf sheath, the larva girdles it, severing the growing 
point, and then feeds on the decaying tissue. Only one larva is found 
per stem, though there may be several eggs on a plant. Apparently some 
larvae die between the leaf sheaths (Blum, 1967a), and others are 
cannibalized (Raina, 1980; Shiang-Lin et al., 1980). The larva passes 
the first, second, and usually the third instar in the same stem, 
although the third instar larva may move to another plant if its food 
is exhaused (Raina, 1980). Pupation occurs in the stem and occasionally 
in the soil (Barry, 1972). 
Subsequent to the egg stage of 2-3 days, the first, second, 
and third larval instars required 1-2, 2-3, and 2-3 days, respectively, 
and the pupal stage lasted 6-8 days, bringing the entire life 
cycle to approximately 17 days (Ballard and Rao, 1924; Swaine and Wyatt, 
1954). Barry (1972) and ICIPE (1975) reported a life cycle of 27 and 
28 days, respectively, presumably longer because of environmental 
factors including lower temperatures. 
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Doharey et al. (1977) demonstrated that development was consider­
ably slowed by temperatures less than 25 C, and that relative humidities 
below 60% were detrimental to survival of the egg and pupa. Ogwaro 
(1979) concluded that rainfall is important for population buildup of 
shootflies because a sharp increase in adult emergence occurred within 
a few days after a rain, even though temperatures remained almost 
constant. The number of adult flies caught in sweep nets reached a 
peak four to six weeks after the beginning of a rainy period. 
The role of aestivation-diapause or quiescence, and of alternate 
hosts in maintaining the shootfly population during the off-season is 
not well defined. Ogwaro (1979) surmised that A. soccata survives the 
dry season primarily in the pupal stage. Barry (1972) thought the 
third instar larva may remain quiescent for an extended period whereas 
Davies and Seshu Reddy (1980) found no evidence of aestivation-diapause 
in various experiments. Meksongsee et al. (1980b) speculated that 
adult flies in Thailand could survive without sorghum. Alternately, 
the fly population may be maintained through reproduction on irrigated 
sorghum, sorghum stubble, or alternate hosts. Low numbers of A. soccata 
have been bred from other grasses, including Zea mays, Pennisetum 
typhoides Staph and Hubb., Echinochloa colonum Link, Eriochloa procera 
C. E. Hebb, Paspalum scrobiculatum L. and a Cymbopogan sp. (Seshu Reddy 
and Davies, 1978). Other species identified as alternate hosts include 
Pannicum maximum Jacq., Digitaria scalarum (Sch), Eleusin indica (L.), 
and Rottboellia exaltata (L.) (ICIPE, 1975). At Hyderabad, India, 
Davies and Seshu Reddy (1980) concluded that other grasses were not a 
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significant source of shootfly survival during the off-season, but that 
irrigated sorghum grown during this period was important. In contrast, 
Delobel and Unnithan (1980) found all stages of A. soccata on wild 
sorghum (Sorghum arundinaceum (Desv.) Stage) during the off-season in 
Kenya, indicating that this plant could be an important alternate host. 
Granados (1972) reported from Thailand that Brachiaria reptans (L.) 
was a host of A. soccata which might sustain a low shootfly population 
in the off-season. 
Cultural, Chemical, and Biological Control of Sorghum Shootfly 
Cultural controls for the sorghum shootfly have been used for many 
years. The most successful method has been to plant sorghum when shoot­
fly levels were low, i.e. at the beginning of the rainy season. Using 
high seeding rates to compensate for plant loss from shootfly has been 
useful. Also recommended is to remove and destroy infested seedlings 
at an early stage (Breniere, 1972; Rao and Rao, 1956; Young and Teetes, 
1977). 
Cultural controls are inadequate, so recently much attention has 
been given to identifying practical and economical chemical controls. 
Foliar sprays usually are ineffective. The systemic insecticides 
phorate, disulfoton, and carbofuran applied at planting as granules in 
the seed furrow are effective in experimental plots, but too costly for 
subsistence farmers. Carbofuran seed treatment (75% WP formulation at 
5% AI) is less costly and often provides adequate protection. 
Rai et al. (1978a,b) investigated the economics of chemical control. 
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During several seasons, yield loss due to shootfly ranged from 16 to 
57 kg/ha per %DH in the hybrids 'CSH-1' and 'CSH-5' and from 22 to 28 
kg/ha per %DH in 'Swarna*. In protected plots, these susceptible 
hybrids and variety yielded ca. 5 T/ha and 2.5 T/ha, respectively. 
Assuming a seed treatment cost of 100 Rs./ha (Rs. = Indian rupee) and 
a market price for sorghum grain of 75 Rs./q, to be profitable, treat­
ment would need to increase yield by 1.33 q/ha (equivalent to 2 to 6% 
DH). This relationship would vary with different plant populations 
and yield levels and variations in the relative price of grain and of 
seed treatment cost. Nevertheless, these results indicate that chem­
ical control could be profitable at low levels of shootfly infestation. 
Carbofuran seed treatment, however, is less effective on heavy 
clay soils than on lighter ones, and a paucity or excess of moisture 
can reduce its effectiveness. Seed treatment is hazardous also (Jotwani, 
1972). In general, the prohibitive cash investment discourages a small 
farmer from buying treated seed, even though a substantial net profit 
might result. Developing more effective, less dangerous, and less 
costly chemical controls for the shootfly is one objective of continued 
research. 
Biological control of A. soccata has received little research 
attention. Pont (1972) listed ten parasites, including several 
Hymenopterous egg parasites, that attack some stage of the sorghum 
shootfly life cycle. In a quantitative study of parasitism, Jotwani 
(1978, in Young, 1980) found a maximum total parasitism of 35%, and 15% 
parasitism of eggs by Aprostocetus spp. The observation that female 
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shootflies breed only once (Shiang-Lin et al., 1980; Unnithan, 1980) 
suggests that a sterile male technique might be useful. 
Control of the sorghum shootfly by cultural methods is inadequate. 
Chemical control measures give reasonable success, but are economically 
unfeasible for small farmers and create ecological hazards with wide­
spread use. The potential for biological control is still uncertain. 
Therefore, the development of high yielding varieties and hybrids which 
are shootfly resistant is crucial. 
Host Plant Resistance to Insects 
Resistance is "the relative amount of heritable qualities that 
influence the ultimate degree of damage by the insect. In practical 
agriculture, resistance represents the ability of a certain variety to 
produce a larger crop of good quality than would other varieties under 
the same insect population" (Painter, 1951). Resistance may be due to 
nonpreference, antibiosis, and tolerance (Painter, 1951). Beck (1965) 
excluded tolerance by defining resistance as "the collective heritable 
characteristics by which a plant species, race, clone, or individual, 
may reduce the probability that an insect species, race, biotype, or 
individual successfully uses the plant as a host." In this report, 
tolerance will be considered a type of resistance, but will be dis­
tinguished from "primary resistance", which includes nonpreference and 
antibiosis. Nonpreference is described by Horber (1980) as 
The insect's response to plants that lack the characteristics 
to serve as hosts, resulting from negative reactions or total 
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avoidance during the search for food, oviposition sites, or 
shelter. Nonpreference by insects is often projected as a 
property of the plant, which is not congruous with the 
process to be described. For this reason, Kogan and Ortman 
(1978) proposed to substitute antixenosis for the term non-
preference. It is a parallel term to "antibiosis" and con­
veys the idea that the plant is avoided as a "bad host". 
Antibiosis includes all adverse effects exerted by the 
plant on the insect's biology, for example, survival, 
development, and reproduction. 
Tolerance includes all plant responses resulting in 
the ability to withstand infestation and to support insect 
populations that would severely damage susceptible plants. 
Dahms (1972) noted that the host plant resistance not only lessens the 
immediate damage to the crop, but also can substantially reduce the 
insect population. From theoretical calculations, he showed that even 
small effects of the host variety on the rate of insect reproduction, 
nymphal development, mortality and reproductivity can affect the pest 
population levels greatly after several generations. In several in­
stances, the use of resistant varieties has been followed by a dramatic 
decline in pest levels. Most notable are the cases of Hessian fly 
(Mayetiola destructor (Say)) and wheat stem sawfly (Cephus cinctus 
Norton) on wheat and Asiatic rice borer (Chilo suppressalis (Walk.)) 
and green leafhopper (Nephotettix virescens (Distant)) on rice. Pathak 
(1970) reviewed the antibiotic effects of host plants on insects. 
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Besides direct detrimental effects on insect populations, varietal 
antibiosis also may delay the increase in pest numbers sufficiently 
for population levels of parasites and predators to "catch up" with 
the pest population. Tolerance could thereby allow more time for 
parasite and predator populations to reach effective levels. 
Mechanisms of resistance to insects 
The interactions of host plants and pests are extremely complex 
phenomena. Any chemical or morphological variation in the host which 
alters this relationship can be a factor in resistance. The complexity 
of interaction is illustrated by the selection of an ovipositidn site 
by the cabbage root fly (Hylemya brassicae (Bouche)) (Beck and 
Schoonhoven, 1980, based on Zohren, 1968). After landing on the plant 
leaf (visual and olfactory stimuli), the fly walks on the leaf surface, 
along the stem and around the plant base and nearby soil (contact chem­
ical stimuli), extrudes the ovipositor (tactile and possibly olfactory 
stimuli), arrests locomotion, introduces the ovipositor into soil 
spaces, digs with the hind legs (tactile stimuli), and deposits the 
eggs on the selected surface (stimuli include soil moisture, light in­
tensity, and tactile factors). Selection of a feeding site by leaf 
hoppers (Beck and Schoonhoven, 1980, based on Nuorteva, 1952) involves 
flight approach (stimulated by color), alighting on the plant (olfactory 
stimuli), probing the tissue with the probiscus (color and contact 
stimuli), inserting the probiscus in the phloem (guided by gradations 
in tissue acidity), and feeding (gustatory stimuli in phloem sap). 
Thorsteinson (1960) summarized that plants not preferred for feeding 
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lacked stimulants and/or contained repellants which resulted in reduced 
consumption by insects. 
Chemical factors Chemicals that apparently are involved in host 
plant resistance to insects include•isoprenoids, acetogenins, aromatics 
derived from shikimid acid and acetate, alkaloids, glycosides, and 
protease inhibitors and non-protein amino acids. Various of these • 
chemicals have been found to alter insect behavior, sensory physiology, 
metabolism, and endocrinology. Some affect insect development rates, 
metamorphosis, fecundity, and longevity (Morris and Kogan, 1980). A 
few of the most interesting or best known host plant chemicals that 
affect insect behavior are summarized below. Selection of a host for 
oviposition by the large white butterfly (Pieris brassicae Linnaeus) 
on the wild cabbage (Brassica oleracea L. subsp. oleracae) was influ­
enced by volatile allyl nitriles (Mitchell, 1977). Correspondingly, 
specific mustard oils (glucosinolates) affected host selection for ovi­
position by the adult cabbage maggot (Hylemya brassicae) (Nair and 
McEwen, 1976). Juglone (5-hydroxy-1-4-naphthoquinone) was both a 
repelIant and a deterrent to feeding of the elm bark beetle (Scolytus 
multistriatus (Marsham)) on hickory (Carya ovata Nutt.) (Gilbert et al., 
1967; Norris, 1977). Very similar chemicals stimulated or deterred 
feeding by Scolytus multistriatus depending on whether the chemical 
acted as an electron donor or recipient in chemosensitive neurons in 
the insect's sensilla (Norris, 1970, 1979). DIMBOA (2,4-dihyroxy-7-
methoxy-l,4-benzoxazin-3-one) inhibited larval development and caused 
increased mortality of the European corn borer (Ostrinia nubilalis 
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(Hubner)). Its concentration differed between maize (Zea mays L.) vari­
eties resistant and, susceptible to the borer (Klun et al., 1967, 1970). 
In cotton (Gossypium hirsutum L.), gossypol functioned as a feeding stim­
ulant for boll weevil (Anthonomus grandis Boheman) but as a deterrent to 
Heliothis spp. (bollworms and budworms) and Epicauta spp. (blister 
beetles) (Maxwell et al., 1965; Norris and Kogan, 1980). 
Morphological factors Possible factors in resistance to insects 
include plant color, plant shape, composition and amount of surface waxes, 
silication, sclerotization of tissue, and the presence and/or type of 
trichômes. These "may interfere physically . . . with the mechanisms of 
host selection, feeding, ingestion, digestion, mating, and oviposition" 
(Norris and Kogan, 1980). 
Plant color and height Color plays a role in the discrim­
ination between hosts and nonhosts (Boiler and Prokopy, 1976; Mazokhin-
Porshynakov, 1969). Alate aphids of several species were attracted to 
leaves which reflected strongly in the yellow-green range (500-600 nm), 
regardless of the plant species (Kennedy et al., 1961). When seven cot­
ton (Gossypium hirsutum L.) varieties were compared at their normal 
(unequal) heights, lygus bugs (Lygus hesperus Knight) chose the tallest 
one, but when the varieties were adjusted to equal heights, the same one 
was least preferred (Tingey and Leigh, 1974). 
Waxiness Surface waxes can have a variety of effects on 
insects. Normal waxy leaves of sprouting broccoli (Brassica oleracea L. 
var. italica Plenck.) were more resistant to attack by cabbage flea 
beetle (Phyllotreta albionica (LeConte)) than a glossy-leaved mutant 
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(Antsey and Moore, 1954). In contrast, the cabbage aphid (Brevicoryne 
brassicae Linnaeus) and the whitefly (Aleurodes brassicae (Walker)) de­
veloped large colonies on normal waxy plants of narrow stem kale (Bras-
sica oleracae L. var acephala DC), but did not colonize non-waxy plants 
(Thompson, 1963). Reproductive rates of the cabbage aphid were the same 
on both leaf types once a colony was established (Thompson, 1967). A 
bloomless (non-waxy leaved) sorghum mutant had some antibiosis and sub­
stantial levels of non-preference to the greenbug biotype C (Schizaphis 
graminum Rondani), although whether the resistance was due to the bloom-
less trait or to some other character was not established (Peiretti et 
al., 1980). 
Silica Accumulation of silica in certain plant parts deters 
some insects. Some fertilizers increased the rate of silica accumulation 
in rice and discouraged the Asiatic rice borer larvae because the mandi­
bles of larvae feeding on rice with high silica content were severely 
worn (Sasamoto, 1957, 1958). Varietal differences in silicon accumulation 
indicated that breeding for increased content of this mineral might 
improve resistance to the rice borer (Djamin and Pathak, 1967). Although 
soluble silicic acid concentrations as low as 0.01 mg Si/ml inhibited 
sucking by the brown planthopper (Nilaparvate lugens Stal.), varieties of 
rice susceptible and resistant to this insect did not differ in the levels 
of soluble silicic acid or insoluble silica. Additionally, the resistance 
of the variety 'Mudgo' did not decrease when grown in a silica-free cul­
ture solution. Therefore, although silica appears to contribute to rice 
borer resistance, it is probably not important in brown planthopper 
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resistance (Voshihara and Sogawa, 1979). Several wheat varieties sus­
ceptible to the Hessian fly became markedly more resistant with increases 
in the concentration of sodium silicate in the growth medium (McColloch 
and Salmon, 1923). The possible role of silica in shootfly resistance 
will be discussed in the section, "Morphological factors possibly associ­
ated with shootfly resistance". 
Trichomes Trichomes are uni- or pluricellular outgrowths 
from the epidermis of leaves, shoots and roots (Uphof, 1962). The col­
lective trichome cover of a plant surface is called pubescence. Levin 
(1973) and Johnson (1975) discussed the importance of trichomes in plant 
defense to insects, especially in natural ecosystems. The role of tri­
chomes in resistance of agricultural crops to insects has been reviewed 
by Webster (1975) and by Norris and Kogan (1980). Glandular trichomes 
produce toxic and/or disruptive effects by the chemicals they secrete. 
Non-glandular trichomes can interfere with feeding, digestion, oviposi-
tion, locomotion and egg attachment, or they may provide shelter for the 
insect (Norris and Kogan, 1980). They may increase resistance to one in­
sect and decrease resistance to another in the same crop. In maize, tri­
chomes discourage leaf feeding of western corn rootworm adults (Diabrot-
ica virgifera LeConte) (Hagen and Anderson, 1967), but encourage oviposi-
tion of the corn earworm (Heliothis zea (Boddie)) (McColloch, 1920; 
Callahan, 1957). 
Non-glandular trichomes in grain crops will be reviewed in detail 
because of their relevance as a factor in shootfly resistance. In addi­
tion, two particularly interesting reports from leguminous crops are 
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noted. Apparently the absence of feeding stimuli or the presence of de­
terrents caused Mexican bean beetle larvae (Epilachna varivestis Mulsant) 
to be restless on some pubescent soybean lines (Glycine max (L.) Merr.)» 
so that the active larvae were dislodged by the trichomes (Van Duyn et 
al., 1972). Potato leafhopper larvae (Empoasca fabae Harris) were im­
paled by the hooked trichomes of bean plants (Phaseolis vulgaris L.) 
(Poos and Smith, 1931). Pillemer and Tingey (1976) presented photographs 
of this phenomenon, which were reprinted in Norris and Kogan (1980). 
Gallun et al. (1966) reported that pubescence deterred the cereal 
leaf beetle (Oulema melanopus Linnaeus) from attacking wheat. Densely 
pubescent wheats had 90% less oviposition than glabrous ones (Webster et 
al., 1973; Gallun et al., 1973). Both length and density of trichomes 
contributed to reduced oviposition, even when the ovipositing beetles 
were confined on a single genotype (Webster et al., 1975). Hoxie et al. 
(1975) concluded that density was less important than length in reducing 
egg laying and larval survival. Trichomes adversely affected not only 
the number of eggs laid, but also the percentage of eggs that hatched, 
and the survival and weight gain of larvae (Schillinger and Gallun, 1968). 
Larvae fed on pubescent leaves were stuffed with undigested trichomes, 
some of which pierced the midgut wall (Wellso, 1973). Smith et al. (1971) 
demonstrated that increasing trichome density by germinating wheat in 
moist petri dishes caused a reduced weight gain in larvae fed on these 
plants. The association of pubescence with reduced larval survival and 
weight gain was demonstrated in wheat populations segregating for pubes­
cence by Ringlund and Everson (1968). The combined impact of effects of 
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pubescence on the behavior and biology of the cereal leaf beetle reduced 
the total seasonal density 83% on pubescent 'Vel* compared to glabrous 
'Genesee' (Casagrande and Haynes, 1976). 
Trichomes apparently were too sparse to contribute much resistance 
to the cereal leaf beetle in barley (Hordeum vulgare L.) (Fedak, 1973, 
1974) or in oats (Avena sativaL. and A. sterilis L.) (Smith and Webster, 
1974), although oat lines selected for high trichome density received 
fewer eggs than their parents (Young, 1979). Conflicting reports exist 
concerning whether trichomes increase or decrease the resistance of 
wheat to the Hessian fly (Miller et al., 1960; Roberts, 1977). Leaf pu­
bescence appeared to be one of several factors related to Asiatic rice 
borer resistance in tests of 33 rice varieties (Patanakamjorn and Pathak, 
1967), but the resistance of variety 'TKM 6' was not reduced when the 
hairs on the leaf blades were rubbed off with a wet cloth (Pathak et al., 
1971). Corn earworm moths laid more eggs on varieties with hairy leaves 
than ones with smooth leaves (McColloch, 1920). Callahan (1957) demon­
strated that these moths could cling to a pubescent surface better than 
to a glabrous one. Cloth was chosen as an oviposition site more fre­
quently than corn leaves or corn silk. Zinc deficiency decreased pu­
bescence density in maize and increased leaf injury by the adult corn 
rootworm, suggesting that denser pubescence might enhance resistance 
(Hagen and Anderson, 1967). A line containing a mutant which suppressed 
all pubescence in the normally densely pubescent pearl millet was more 
resistant to oviposition by the corn earworm and to both oviposition and 
larval feeding of the fall army worm (Spodoptera frugiperda J. E. Smith) 
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than its densely pubescent isoline (Burton et al., 1977). 
Inheritance of resistance to insects in crops 
other than sorghum 
Among researchers who have reviewed the inheritance of resistance 
of host plants to some insect pests are Painter (1951), Beck (1965), 
Pathak (1970), and Maxwell and Jennings ( 1 9 8 0 ) .  Though resistance to in­
sects is often polygenic, there are several reports of monogenic inherit­
ance, including a dominant gene for greenbug resistance in rye (Secale 
cereale L.) (Livers and Harvey, 1969), and recessive genes for greenbug 
resistance in wheat (Painter and Peters, 1956), and for resistance to 
western corn rootworm adults in field corn (Sifuentes and Painter, 1964). 
Multiple loci, each with qualitative effects, have been identified in the 
resistance of rice to brown planthopper (Lakshminarayana and Khush, 1977) 
and to green planthopper (Siwi and Khush, 1977), and of wheat to Hessian 
fly. In this latter case, several loci are involved, and each locus which 
conditions resistance in wheat has a corresponding locus in the fly which 
conditions the ability to overcome that resistance (Gallun, 1972). Thus, 
the gene-for-gene concept developed by Flor (1955) for the genetics of 
certain post-pathogen systems is paralleled in this specific host-insect 
situation. 
Among the systems of insect-host interactions in which host plant 
resistance is quantitatively inherited, the resistance of maize to the 
European corn borer has been the most thoroughly studied. Russell (1975) 
summarized the genetics of resistance to leaf feeding, and to sheath and 
collar feeding (designated as resistance to first and second broods. 
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respectively, because of the correspondence of these insect generations 
to the stage of the maize plant in Iowa). Resistance at both stages of 
plant development was conditioned by polygenic inheritance which was pre­
dominantly additive in nature (Jennings et al., 1974). At least five 
chromosome arms in'CI 3 lA'and six in'B 49' carry resistance to the first 
brood. Onukogu (1977) found genes for resistance to second brood located 
on seven chromosome arms in'B52'. Three were the same arms as those in­
volved in resistance to the first brood. Genotypes resistant to the first 
brood are often moderately to highly susceptible to the second brood, and 
vice-versa. Therefore, although different loci are involved in resistance 
to the two broods, some loci may contribute resistance to both (Jennings 
et al., 1974). 
Inheritance of factors possibly involved in 
resistance to insects 
The inheritance of some chemical and morphological traits which may 
provide resistance to insects has been reported. DIMBOA (2,4-dihy-7-
methoxy 2H-1, 4-benzoxazin-3(4H)-one) was related to resistance to the 
European corn borer. Its concentration among hybrids from a diallel 
cross of 11 maize inbreds was inherited polygenically, with most of the 
variation accounted for by GCA (Klun et al., 1970). 
Waxiness In sprouting broccoli, the presence of leaf wax which 
contributed resistance against the cabbage flea beetle was conditioned 
by a single dominant gene (Antsey and Moore, 1954). Five dominant genes 
have been found for waxiness in maize (Bianchi and Marchesi, 1960), 
while more than 43 loci have been identified in barley (Hordeum vulgare 
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L.) (Lundqvist and von Wettstein, 1962;.Lundqvist et al., 1968). In 
sorghum, the bloomless leaf sheath trait was inherited in two matings via 
recessive alleles at a single locus (Peiretti et al., 1980), confirming 
an earlier report of Ayyangar and Ponnaiya (1941). Glossiness (due to 
reduced wax) of sorghum leaf blades was inherited as a single recessive 
factor (Tarumoto, 1980). 
Trichomes The inheritance of trichôme presence and/or density has 
been studied in several crops. Ringlund and Everson (1968) reported that 
offspring from matings between densely and sparsely pubescent wheats 
ranged from moderately to densely pubescent, indicating that the inherit­
ance of density was complex, and that greater density was partially domi­
nant. Wallace et àl. (1974) concluded that two pubescent wheat cultivars 
each had one gene which was dominant for pubescence, and that a third 
cultivar may have carried more than one gene. Leaf sheath barbs and hairs 
on the auricle were dominant, monogenic traits and were loosely linked in 
two matings of winter wheat (Woo and Smith, 1962). Leisle (1974) found 
two and perhaps three dominant genes for pubescence in two durum wheat 
(Triticum durum L.) matings. In a single mating between T. aestivum and 
2. durum, and data fit a single gene hypothesis with pubescence dom­
inant (Murty and Lakhani, 1958). Each of two dominant genes in oats gave 
both blade and sheath pubescence and a third dominant gene gave only sheath 
pubescence (Sarkarung, 1978). Fedak (1973), from studies on two sources 
of pubescence in barley, concluded that blade and sheath pubescence were 
separate characters, that presence appeared to be dominant, and that den­
sity was complexly inherited. In pearl millet, hairiness is generally 
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recessive (Burton and Powell, 1968), but a recessive trichomeless mutant 
has been discovered (Burton et al., 1977). 
Inheritance of resistance in sorghum to insects 
other than shootfly 
Few studies have examined the inheritance of resistance to insect 
pests in sorghum. Dahms and Martin (1940) concluded that resistance to 
the chinch bug was dominant in Fj hybrids of sorghum. However, general 
vigor of the hybrids may have confounded these results since Snelling 
et al. (1937) reported that resistance was only partially dominant, and 
was influenced by hybrid vigor. Transgressive segregation for resistance 
occurred as late as the F^  generation, suggesting the involvement of 
several loci. Resistance to the corn leaf aphid (Rhopalosiphum maidis 
(Fitch)) was apparently polygenically controlled in five sorghum mat-
ings, and both antibiosis and nonpreference were involved and were par­
tially to completely dominant (Cartier and Painter, 1956). Greenbug 
resistance (biotype C) was apparently monogenically inherited with in­
complete dominance for resistance in some sorghum matings but probably 
more complexly in others (Weibel et al., 1972). Starks et âl. (1976) 
derived 135 Sg lines from the sorghum population 'KP2BR' by selecting 
for greenbug resistance in each generation, beginning with 1000 half-
sib families. These Sg lines were considerably more resistant than the 
original population. Broad sense heritability estimated from 2-rep 
family means was 0.58 for the half-sib families and 0.98 for the Sg 
lines. The difference between these two heritability estimates arose 
from the improvement of experimental techniques, which resulted in a 
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lower error variance for the Sg lines. A bloomless mutant which con­
ferred resistance to the greenbug was monogenically inherited and 
recessive (Peiretti et al., 1980). The lack of damage reported by 
Weibel et al. (1972) apparently was due to tolerance and was independent 
of the resistance conferred by the bloomless trait (Peiretti et al., 
1980). Resistance to Banks grass mite (Oligonychus pratensis (Banks)) 
was identified in 'Tx 618' and 'Tx 378', and was transmitted to their 
hybrids (Foster et al., 1977). As expected, both monogenic and poly­
genic inheritance of resistance to insects are found in sorghum, 
depending on the specific insect involved. 
Resistance to Shootfly in Sorghum 
Ballard and Ramachandra Rao (1924) first reported A. soccata as a 
pest species on sorghum. Twenty years later Ponnaiya planted a collec­
tion of 214 sorghum types at the Siruguppa Research Station in south 
India, on which infestation was heavy in this first screening of sorghum 
for resistance to shootfly attack. Although most types had greater 
than 95% DH, 15 had less than 90% DH, and one had only 16% DH. Addi­
tional plantings in subsequent years demonstrated that most of these 
15 types did truly possess some resistance. A resistant variety 
('M 47-3') received as many eggs as a susceptible one ('A. S. 2095'), 
but did not succumb to as high a percentage of DH from eggs placed on 
the fourth and later leaves as did the susceptible one. The third and 
fourth leaf sheaths of resistant sorghums M 47-3 and 'T-1' contained 
irregularly shaped silica bodies that were not present until the fifth 
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or sixth leaf sheaths of susceptible varieties A. S. 2095 and 'A. S. 
1093'. There was no difference between the resistant and susceptible 
varieties in the number, size, or placement of dumbbell shaped silica 
bodies that occurred in regular rows in the abaxial epidermis of the 
leaf sheaths. There also was no difference in the amount of lignifi­
cation in the third, fifth, or seventh leaves of resistant and Suscep­
tible varieties (Ponnaiya, 1951a,b). 
Also at Siruguppa, Rao and Rao (1956) tested 42 varieties of 
sorghum and identified 14 which showed useful resistance to shootfly 
attack. They found no difference in egg laying on one resistant and 
one susceptible variety. When Jain and Bhatnagar (1962) screened 196 
varieties at Ajmer, Rajastan in India, they found that eight varieties 
which showed no damage had an average of 0.8 eggs/plant, whereas eleven 
varieties with the most damage (average of 68% DH) had an average of 
2.0 eggs/plant. Among the 196 varieties there was a correlation of 
0.44 between the number of eggs/plant and the percentage of plants with 
DH. More recent workers, including Blum (1969a), Klaipongpan (1973), 
Soto (1974), and Maiti and Bidinger (1979) have confirmed that non-
preference for oviposition is a major factor in resistance to the shoot­
fly. Workers of the Thailand National Corn and Sorghum Program demon­
strated that nonpreference deterred shootfly oviposition even in the 
absence of a susceptible sorghum variety (Young, 1980). 
Blum (1967a,b, 1969a) showed evidence that antibiosis and tolerance 
also contribute to resistance. Many shootfly larvae died between the 
leaf sheaths on resistant plants, and surviving larvae were smaller 
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than those on susceptible plants. Both resistant and susceptible vari­
eties tillered after mechanical destruction of the main culm, but in 
resistant varieties more tillers escaped attack than in susceptible 
ones. This phenomenon was attributed to the faster initial growth 
rate of tillers in the resistant varieties. 
When Soto (1974) artificially infested plants with 2 eggs each, 
•IS 2123' and 'M 35-1' reduced larval survival after the growing point 
was severed, and decreased adult emergence compared to Swarna. These 
factors would reduce population buildup, but would not protect an in­
dividual plant from destruction of the main culm. In contrast, Jotwani 
and Srivastava (1970) found that each of eight resistant varieties 
artificially infested with 2 eggs/plant had a significantly lower DH% 
than the susceptible check Swarna. 'IS 4522' had only 26% DH, compared 
to 92% on Swarna. Raina et al. (1980) reported that increased mortality 
of the first instar larvae, slower growth of larvae, reduced female 
longevity, and increased preoviposition period were antibiotic effects 
in one or more of the seven resistant varieties studied. 
Varietal resistance appears to be stable over environments and 
varying levels of shootfly infestation. The variety x environment 
interaction was not significant for fifteen resistant and two suscep­
tible varieties grown in six environments where CSH-1 varied from 53% 
to 99.5% DH. The DH% of CSH-1 was used as the environmental index for 
stability analysis. The regressions of varieties on this index were 
linear and the deviations from regression were not significant. 
'IS 5469', and 'IS 5490' were the least attacked varieties and had the 
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lowest responses (b-values) to increased infestation (Singh et al., 
1978). 
Effective evaluation of resistance is dependent upon sufficiently 
intense and uniform infestations by shootfly. A greenhouse rearing 
technique which uses an artificial diet for sustaining the adults and 
uses sorghum seedlings for oviposition and larval development has been 
successful in obtaining adequate populations of flies for greenhouse 
tests (Soto, 1972; Soto and Laxminarayana, 1971; Meksongsee et al., 
1980a,b). Increased infestations in the field have been obtained by 
planting later than the normal crop, interspersing susceptible rows or 
strips planted prior to the test material, and baiting with fish meal 
or meat meal spread on the ground below the test material (Starks, 
1970). 
Morphological factors possibly associated with 
shootfly resistance 
Various authors have suggested that increased silica content in 
the leaf sheaths, increased lignification surrounding the vascular 
bundles, 'prickle hairs* on the leaf sheaths, trichômes on the leaf 
lamina, and a glossy leaf trait at the seedling stage may contribute 
to resistance of sorghum to the shootfly. 
Silica The report by Ponnaiya (1951b) that silica may be a 
factor in resistance to the shootfly has been supported by Blum (1968), 
who determined that five resistant selections had much greater silica 
deposition at the base of the first, second, and third leaf sheaths than 
did the susceptible check, 'Tx 7078', Narayana (1977) found that'IS 1054' 
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(='M35-1«),'IS 5566', 'IS 3924' (= Swarna), and 'CK60 A' ranked in the 
above order for the least DH%, the greatest density of dumbbell-shaped 
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silica-bodies per mm of abaxial epidermis at the base of the third 
leaf sheath, and the least distance between silica bands. 
Lignification In studying resistant varieties, Blum (1968) 
found greater lignification in the young leaves that enclose the growing 
apex and in the tillers than in susceptible varieties. Because the 
amount of silica in tillers of resistant varieties was less than the 
amount in main stems of susceptible varieties, lignification appeared 
to be more important to tiller survival than did silica deposition 
(Blum, 1969a). 
Trichômes 'Prickle hairs' on the leaf sheath were noted to be 
plenteous on resistant varieties (Blum, 1968), and essentially absent 
on susceptible ones (Langham, 1968). Maiti and Bidinger (1979) showed 
that 32 germplasm lines with trichomes on the abaxial surface of the 
leaf blade had fewer plants with eggs, fewer plants with DH, and a 
lower ratio of plants with DH to plants with eggs than 35 lines without 
trichomes. Interestingly, trichomes contributed resistance through both 
oviposition non-preference and antibiosis. 
Langham (1968) determined Fg ratios of prickle hairs and micro-
hairs on the edges of leaf sheaths in five sorghum matings and observed 
that approximately one-fourth of the progeny of two matings and slightly 
more than one-fourth of the progeny of the other three matings had 
prickle hairs. He concluded that the segregations in all five 
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matings fit a ratio of 11 micro-hairs to 5 prickle hairs. However, 
this conclusion was not confirmed by progeny testing. In listing 
genetically controlled characteristics of sorghum, Ayyangar (1942) in­
cluded tip hairiness and hairiness of mid-rib edges, indicating each 
to be controlled by a single locus with dominance for hairiness. 
Glossy leaf Breeders selecting for shootfly resistance have 
noticed that varieties resistant to shootfly usually have narrow, light 
green, upright, glossy leaves at the seedling stage (this composite of 
traits being referred to as "glossy leaf" for convenience). These 
seedling leaf traits are also found in resistant selections from matings 
of resistant parents which have this type leaf with susceptible parents 
which have the contrasting leaf type (Blum, 1972; Soto, 1972). Leaf 
glossiness is apparently controlled by a single locus with waxiness 
dominant (Ayyangar and Poinnaiya, 1941; Tarumoto, 1980). 
The association of both the glossy leaf type and trichomes with 
shootfly resistance in sorghum has been supported by Maiti and Bidinger 
(1979). In screening 8000 lines of the world collection, they dis­
covered 70 lines with the glossy leaf trait, 85% of which also had 
trichomes on the abaxial surface of the leaf lamina. A study of four 
combinations, glossy leaf + trichomes, glossy leaf only, trichomes 
only, and neither (each with 10 lines), revealed that the mean DH per­
centages were 60.7, 70.9, 83.5, and 91.3, respectively. These results 
suggest that each of the two traits contributed to the resistance, 
that the glossy leaf character contributed more than did trichomes, 
and that the combination of the two traits was more effective than 
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either trait alone. 
Inheritance of shootfly resistance in sorghum 
Studies on the inheritance of shootfly resistance have generally 
concentrated on either tolerance or primary resistance. Consequently, 
this review will devote a section to each category. 
Tolerance Called "recovery resistance" because plants "recover" 
by producing tillers which yielded grain after the main culm was 
destroyed by shootfly, this type of resistance was identified by 
Doggett et al. (1970) as the most promising for East Africa. 
The varieties 'Serena' and 'Nematare' and derivatives from crosses 
with them recovered well even when more than 90% of the main culms had 
been killed. Broad sense heritabilities were high, and crosses 
reflected the resistance of their parents. In a six-parent sorghum 
diallel, Starks et al. (1970), using the quantitative effects model 
of Eberhart and Gardner (1966), discovered that additive effects and 
general heterosis accounted for most of the variance in the percentage 
of recovered plants, the number of heads/100 plants, the percentage of 
seedless heads, and the yield of recovered plants. Specific heterosis 
and/or epistasis were responsible for less of the variance but still 
were statistically significant for all traits measured except for the 
percentage of seedless heads. An eight-parent diallel using four 
resistant and four susceptible sorghum parents revealed heterosis for 
recovery as measured by the number of tillers/100 plants, the percentage 
of plant recovery, and yield. The SCA component of variance was larger 
than the GCA component for recovery traits in the Fi, but less than the 
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GCA component in the Fg (Sharma et al., 1977). 
Primary resistance Veda Moorthy (1967, in Langham, 1968), the 
first to comment on the inheritance of primary resistance to shootfly 
in sorghum, noted that hybrids based on 'CK 60' were susceptible regard­
less of the resistance of the pollen parent. Dominance of susceptibility 
was also evident in several experiments by Langham (1968), who studied 
matings of susceptible parents with M 35-1 (resistant) under very heavy 
natural infestation in northern Nigeria. In Experiment A, the average 
for four susceptible parents, F^ s, FgS, and M 35-1 were 99.3%, 98.1%, 
94.3%, and 78.5% DH, respectively, indicating nearly complete dominance 
of susceptibility. In Experiment B the means of three susceptible 
parents, Fj x susceptible parents, F^ s, FgS, F^ s x M 35-1, and M 35-1 
were 98.2%, 99.1%, 96.8%, 92.3%, 90.3%, and 89.3% DH, respectively. 
These values indicate predominantly additive type inheritance, possibly 
with partial dominance for susceptibility. In Experiment C, no sig­
nificant differences were found among generations for six susceptible 
parents, F^ s, FgS, and backcrosses to each parent, although each gener­
ation differed significantly from M 35-1 and the means suggested dom­
inance for susceptibility. Experiment D included F^ s of 16 susceptible 
parents mated with M 35-1, and F^ s and backcrosses from some of these 
matings. The means of the F^ s and of the backcrosses were not signifi-
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cantly different by Chi analysis from the predicted means which 
assumed complete dominance of the susceptible parents, but were dif­
ferent from those predicted when assuming an additive model. These 
results led Langham (1968) to conclude that resistance was governed 
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primarily by a single locus with dominance for susceptibility. However, 
comparison of predicted and observed means cannot reveal the number of 
factors involved since, in the absence of epistasis, the effects of 
any number of loci are cumulative and indistinguishable from the 
effects of a single locus. No meaningful test for epistasis was 
possible with the Langham data. 
Under natural infestation conditions in Thailand, Klaipongpan 
(1973) studied the inheritance of resistance in matings of the resistant 
parents 'IS 4567' and 'IS 4776' with the susceptible 'TSS 1-12'. Counts 
of eggs/plants and of DH were taken at 11 days after emergence for the 
parents, Fj, F^ , and the Fj and Fg of the Fj x TSS 1-12. No reason 
was given for the omission of a later DH count. In the first mating, 
means of eggs/plant and percentage DH, respectively, were 0.26 and 5% 
for IS 4567, and 0.93 and 41% for TSS 1-12 and in the second mating 
were 0.43 and 15% for IS 4776 and 0.89 and 44% for TSS 1-12. Means of 
the various generations were tested by Chi for deviations from pre­
dictions which assumed different one and two loci models. Oviposition 
and DH data for both matings corresponded best to models of duplicate 
dominance for preference and for susceptibility, as also evidenced by 
data from experiments conducted in oviposition cages in the greenhouse. 
Visual comparison indicated that the distributions of F^  and backcross 
data from both the field and cage experiments corresponded better with 
the theoretical distributions for duplicate dominance than with simpler 
models. On the basis of means and distributions, the author concluded 
that resistance was probably controlled by two major genes. However, a 
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larger number of loci with digenic interactions would result in the 
same means, and the distributions observed were not definitive enough 
to distinguish between two loci or a larger number. 
In matings of various combinations of parents ranging from 
susceptible to resistant, Narayana (1976) noted that the F^ s were at 
least as susceptible for oviposition and DH as the least resistant 
parent in the mating. The level of attack was moderate, with 40% DH 
on IS 1054 (= M35-1) and 80% DH on CK60 A. 
Several authors have estimated genetic, variance from the progeny 
of diallel or Design II type matings of inbred lines. Utilizing natural 
infestation which resulted in 70% DH on Swarna, Rao et al. (1974) 
examined FjS of seven male sterile parents (moderately to fully suscep­
tible) X 11 pollen parents (fully susceptible to moderately resistant) 
and found definite heterosis for resistance. Reasonable predictions of 
F2 values could be made from parental values. The regression of hybrid 
on parent was Y = 56.4 + 0.52 X (r^  = 0.64*) for males and Y = 56.4 + 
0.46 X (r^  = 0.30"^ ) for females. GCA variance was twice the SCA 
variance. A subsequent study using Fg progeny of an 11 parent sorghum 
diallel (including three exotic lines, three resistant lines from 
India, and five derivatives of exotic x resistant Indian lines) showed 
predominantly additive effects with non-significant SCA variance and no 
difference between the mean of the parents and the mean of the progeny 
(Bala Kotaiah et al., 1975). The exotic parents had a mean of 64% DH 
while the Indian parents averaged 23% DH. In the same report, the 
authors indicated that generation means analysis of '512' x 'IS 9985' 
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revealed heterosis for resistance, but my own calculations from Table 3 
of their report indicated that deviations from a strictly additive 
model were not significant, although inspection of the means might 
suggest some dominance for resistance. Agronomically suitable Fg 
plants were selected from five progeny from the 11 parent diallel 
(Rana et al., 1975). Means of the progeny of these selected plants 
were no different than the F^  means, demonstrating that the selection 
of agronomically good types should not prevent obtaining progeny with 
reasonably good shootfly resistance. Heritability was reported as 
near 25%, but it was unclear how this estimate was derived. 
Sharma et al. (1977) reported results from an eight parent sorghum 
diallel containing four resistant and four susceptible parents. Since 
it is unclear whether their data were reported as DH% or as the angular 
transformation of that percentage, and since either would portray a 
similar picture, for convenience their data will be presented here as 
percentages. The means of the susceptible parents, F^ ,^ Fg, and resistant 
parents were 82%, 75%, 72%, and 52% DH, respectively, indicating partial 
dominance for susceptibility. Means of F^  and of Fg progenies for 
eggs/plant were intermediate to the parents, without any consistent 
evidence of dominance. It is apparent that non-preference was a major 
factor in resistance since there was a genetic correlation of 0.70** 
between eggs/plant and DH%. Both GCA and SCA variances were significant 
in the Fj for both traits. The GCA component was one and a half times 
the SCA component for DH%, but the reverse was true for eggs/plant. 
GCA variance was significant in the F^  for both traits, while SCA was 
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not. Regression coefficients of GCA effects on parental values were 
high for both traits in both generations, and the regression coefficient 
of GCA effects in the on GCA effects in the was also high for 
both traits. I calculated coefficients of determination from the 
information given, and all were above 0.9. Regression of progenies 
on FJ progenies was 0.56** (r^  = 0.84) for DH% and 0.32** (r^  = 0.39) 
for eggs/plant. These results strongly support the conclusion of Rao 
et al. (1974) that parental values should be a good predictor of hybrid 
values if other matings respond similarly to the ones studied. 
Kulkarni et al. (1978) used a Design II type of mating with selected 
sorghum lines. Four male steriles of dwarf stature were mated with six 
resistant lines in the first set. The second set had three male sterile 
parents and six resistant parents. 'VZM2 A', with durra cytoplasm, was 
more resistant than male steriles with milo cytoplasm. The SCA com­
ponent of variance was reported as being considerably larger than the 
GCA component for both egg laying and DH% in the first set, and for egg 
laying in the second set, but the GCA component was much larger than the 
SCA component for DH% in the second set. 
Conflicting results concerning the presence and direction of 
dominance in shootfly resistance in sorghum may be partly due to the 
different parents included in different studies. Also, the interpreta­
tion of the inheritance of resistance to shootfly must take into account 
the level of attack which occurred in the experiment. Blum (1968) 
reported that non-preference was partially dominant at low infestation 
levels, but completely recessive at high infestation levels. His 
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conclusion was based on the means and distributions of eggs on parents 
and FgS of two susceptible lines mated with four resistant lines. 
FjS were included in the planting with the highest of three levels of 
infestation, ranging from 3 to 14 eggs/plant. 
In summary, shootfly resistance in sorghum appears to be quanti­
tatively inherited although some of the resistance may be associated 
with morphological factors with relatively simple inheritance. 
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MATERIALS AND METHODS 
Description of Sorghum Lines Used 
The origin, classification, and other information about the sorghum 
lines included in this study are contained in Table 1. Eight shootfly 
susceptible A-lines (cytoplasmic-genetic male steriles), one correspond­
ing B-line (sterility maintainor), one susceptible variety, and 63 lines 
initially thought to have some resistance to shootfly were used in a 
variety of matings to investigate the inheritance of shootfly resistance 
in sorghum (Table 1). Of those 63 putative resistant lines, 29 were 
general accessions from the world collection (IS 1034' to 'IS 9317-1' in 
Table 1), mainly durra types from central India. Sixteen lines were 
derivatives of crosses made in Nigeria between shootfly resistant strains 
from India and West African sorghum populations. 'BP 53' was an im­
proved Indian variety. Eight lines ("E" and "EN") were developed in 
India for stem borer resistance, and the last nine lines shown in Table 
1 were selections from breeding populations in Nigeria. The A-lines 
were of U.S. origin or derivatives of U.S. x Indian crosses, except 
RCF A, from Nigeria. In a screening conducted prior to the initiation 
of this experiment, all lines except the A-lines were tentatively 
identified as possessing some degree of shootfly resistance. However, 
when examined in this study, they ranged from fully susceptible to 
resistant. Inclusion of susceptible lines was fortunate because it 
allowed for a more informative estimate of genetic variances within 
the set of materials used. 
Table 1. The country of origin, grain type, trichome density and/or presence, and degree of 
resistance to shootfly for sorghum lines used in the mating study; the experimental 
set in which each line was used; and general comments about the sorghum lines 
Lines Origin* Class* TD^  Type 
res.c 
Exp.l 
set 
Comments 
Kaffinum A Uganda .. 0 S lA IS 18776 from Serere, Uganda 
2219 A India — — 0 S lA IS 18791 from AICSIP* 
3659 A India — — 0 S lA IS 18792 from AICSIP 
CK60 A USA — — 0 S lA IS 18773, parent of RS 610 
10250 A USA — — 0 S IB Experimental male sterile from a 
commercial seed company 
10428 A USA — — 0 s IB tl 
10511 A USA — — 0 S IB tf 
RCF A Nigeria 0 s IB IS 18777 
CSH-1 India 0 s CK60 A X IS 84 
Swama USA - - 0 s IS 3924 
IS 1034 India D 11 0 3A 
IS 1054 India D 9 0 A? 2A M 35-1, selected from Maldani Local 
IS 1082 India D 21 0 A 1A,2A 
IS 2122 USA D 23 0 3E 
IS 2146 USA D 45 0 3F 
IS 2162 USA D 38 A 3A 
I^nformation supplied by Dr. K. E. Prasada Rao, Germplasm Resources Unit, ICRISAT. D = 
durra, DB = durra-bicolor, C = caudatum, DC = durra-caudatum. 
bTrichome density (TD) data obtained from Maiti et al. (1980) and personal communication 
with Dr. R. K. Maiti, Sorghum Physiologist, ICRISAT. + indicates trichômes present. 
P^reliminary observations of Dr. K. V. Seshu Reddy and others. Cereal Entomology, ICRISAT. 
S = susceptible, R = resistant, 0 = oviposition non-preference, A = antibiosis. 
A^ICSIP = All India Coordinated Sorghum Improvement Project. 
Table 1. (Continued) 
Lines Origin Class TD Type 
res. 
Exp. 1 
set 
IS 2205 India D 30 0 3B 
IS 2312 Sudan D 32 0 Ik,2k 
IS 3962 India D 40 0 A 2B 
IS 4002 India D 0 R 3C 
IS 4036 India D 0 R 3D 
IS 4553 India D 20 A? 3C 
IS 4646 India D 35 0 A? 3D 
IS 4664 India D 43 0 3E 
IS 4776 India DC 0 0 3F 
IS 4799 India D 0 A 3A 
IS 4829 India D 0 A 2B 
IS 5359 India D 0 0 3B 
IS 5383 India D 0 0 A? 28 
IS 5469 India D 21 0 3D 
IS 5470 India D 20 0 A? 26 
IS 5604 India DB 40 0 2k 
IS 5613 India D 46 0 3F 
IS 5615 India DB 33 0 A? 3A 
IS 5622 India D 28 0 A? 1B,2A 
IS 5642 India D 43 A? 1B,2A 
IS 5648 India . D 34 0 3C 
IS 8315 India D 0 — — 3D 
IS 9317-1 South Africa C 0 — — 3D 
IS 18576 Nigeria . + A 1A,2A 
IS 18582 Nigeria + 0?A? 3C 
IS 18583 Nigeria 0 — — 3E 
IS 18584 Nigeria 25 0 A? 1B,2B 
Comments 
Deriv. of IS 4646 x 23/2 
Deriv. of IS 5383 x 453 
Deriv. of IS 5383 x R 960 
Deriv. of IS 5604 x 23/2® 
®Both IS 18584 and IS 18585 appear to actually be selections from IS 5604 rather than 
derivatives of crosses. 
Table 1. (Continued) 
Lines Origin Class TD Exp.l Comments 
. res. set 
IS 18585 Nigeria 21 0?A? 3F Deriv. of IS 5604 X 453® 
IS 18628 Nigeria 23 A 3D Deriv. of IS 1054 X WABC-4142 
IS 18629 Nigeria 35 A 3C Deriv. of IS 1082 X WABC-3101 
IS 18630 Nigeria 0 A 3B Deriv. of IS 1082 X R 960 
IS 18635 Nigeria — —  + / —  0 A? 3B Deriv. of IS 3962 X WABC-4121; variable 
IS 18640 Nigeria — 0 A 3E Deriv. of IS 5604 X WABC-3111 
IS 18641 Nigeria .0 A 3A Deriv. of IS 5622 X WABC-1121 
IS 18648 Nigeria 28 A 3B Deriv. of IS 5642 X R 960 
IS 18649 Nigeria — 0 A 3B Deriv. of IS 5621 X 23/2 
IS 18651 Nigeria 0 A 3C Deriv. of IS 8315 X WABC-4092 
IS 18652 Nigeria 15 S 1B,2B Deriv. of IS 1054 X 23/2 
IS 18654 Nigeria 32 0 A? 28 Deriv. of IS 1082 X WABC-4062 
BP 53 India — — + 0 A? 3A IS 18432, selection from a local 
variety in India 
E-302 India + A? 3F IS 18676 from lARI^  
E-303 India — — + 0 A? 3B IS 18677 II 
EN 3255 India 9 0 3E IS 18657, stem borer resistant lines 
from AlCSIpd 
EN 3257-4 India + A 3F IS 18659 1 
EN 3308 India — 0 A 3E IS 18660 II 
EN 3332-2 India 22 A 1A,2A,3F IS 18663 1 
EN 3362-1 India 0 A 2B II 
EN 3518 India 0 A 3A IS 18674 II 
S^tem borer resistant lines developed at the Indian Agricultural Research Institute, New 
Delhi, from crosses with BP 53 as one parent. 
Table 1. (Continued) 
Lines Origin Class TD Type 
res. 
Exp. I 
set Comments 
V-2-1-1-1 Nigeria — 0 A? 3A IS 18556 
V—20—1—1—2 Nigeria — — 0 A? 3B IS 18557 
V-63-1-1-2 Nigeria — 0 A 3C IS 18561 
V— 70— 1—1— 1 Nigeria — 0 A? 3D IS 18562 
V-99-1-1-1 Nigeria 0 A 3E IS 18564 
3—P—3—1—1 Nigeria — 0 A 3F IS 18593 
37-P-3-2-1 Nigeria — 0 A 3C IS 18606 
157-P-3-1-1 Nigeria — 0 A 3D IS 18617 
211-P-1-2-1 Nigeria — 0 0 A? 3E IS 18621 
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Matings Investigated 
Design II matings, generation means analysis, and distributions 
of Fg and lines were used to investigate the inheritance of resist­
ance to shootfly. In Experiment 1, 10 sets of matings, each set using 
four parents each as males and four as females (Design II), were eval­
uated, primarily to determine the relative importance of GCA and SCA 
(Table 2). Group I of matings contained two sets (lA and IB) of male 
sterile lines (all susceptible) mated with the most resistant lines 
identified at that time. Such sets of matings would indicate the degree 
of resistance which could be transferred to a hybrid when using a cur­
rently available male-sterile as one parent. The two sets in Group II 
(2A and 28) included matings with reciprocals among lines with moderate 
resistance. Group III contained six sets (3A-3F) of matings among 
lines that varied from fully susceptible to resistant. In Experiment 
2, generation means analyses were used on three matings to estimate 
the magnitudes of additive, dominance, and epistatic effects involved 
in the inheritance of reaction of sorghum to shootfly (Table 3). In 
the same three matings plus nine matings for judging inheritance pat­
terns (Table 4), frequency distributions of shootfly reactions of 
random Fg-derived lines in the and/or F^  were studied. Heritability 
values were computed by regressing F^  on F^  ratings for the Fg-derived 
lines of the matings IS 1054x »CK60B' and'IS 5604'x CK60 B. Fg-derived 
lines from the matings C4, C5, 17A, 17B, and 17C (Table 4) also were 
used to determine the inheritance of trichome presence on the abaxial 
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Table 2. General shootfly reaction characteristics of sorghum lines 
used as males and females in the various sets within 
Groups I, II, and III matings made to estimate general and 
specific combining ability in Experiment 1 
Group Description Sets Lines used as: 
Females Males 
I Male steriles F.,?. 
X resistant 
lines 
lA Kaffinum A IS 1082 
2219 A IS 2312 
3659 A IS 18576 
CK60 A EN 3332-2 
IB 10250 A IS 18652 
10428 A IS 18584 
10511 A IS 5622 
RCF A IS 5642 
II Resistant x 
resistant G 
reciprocals 
III Diverse lines 
X diverse lines 
F2 
2A IS 1054 IS 5604 
IS 1082 IS 2312 
IS 18576 IS 5622 
EN 3332-2 IS 5642 
2B IS 18652 IS 18584 
IS 18654 IS 3962 
EN 3362-1 IS 5470 
IS 4829 IS 5383 
3A IS 1034 IS 2162 
IS 4799 IS 18641 
IS 18674 IS 5615 
V-2-1-1-1 BP 53 
38 IS 18630 IS 18635 
IS 5359 IS 18648 
IS 2205 IS 18649 
V-20-1-1-2 E 303 
3C IS 18629 IS 4553 
IS 18583 IS 5648 
IS 4002 IS 18651 
V-63-1-1-2 37-•P-3-2-1 
3D IS 18628 IS 4646 
IS 5469 IS 8315 
IS 4036 IS 9317-1 
V-70-1-1-1 157-P-3-1-1 
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Table 2. (Continued) 
Group Description Progeny tested Sets 
Lines used as: 
Females Males 
III 3E 
3F 
IS 2122 
IS 18640 
IS 18583 
V-99-1-1-1 
IS 2146 
IS 5613 
IS 18585 
3—P-5-1-1 
IS 4664 
EN 3308 
EN 3255 
211-P-1-2-
IS 4776 
EN 3332-2 
EN 3257-4 
E 302 
Table 3. Designations and reactions to shootfly for sorghum lines 
used as males and females in matings utilized for genera­
tion-means analyses in Experiment 2, and the generations 
tested in each mating 
Female parent Male parent Generations 
3^ ting Identity Reaction^  Identity Reaction® analyzed 
C3 IS 18630 S Swarna S F2 F2 Fg Bj B2 B2S 
C4 IS 1054 R CK60 B S F2 Fg BjS B2S 
C5 IS 5604 R CK60 B S F2 Bg 
S^ = susceptible, R = resistant to shootfly. 
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Table 4. Identities and shootfly reactions of sorghum lines used as 
males and females in matings from which varying numbers of 
random F2-derived lines were tested in F3 and for shoot­
fly reactions 
Female parent Male parent No. of lines tested 
code no. Identity Reaction® Identity Reaction* P3 F4 
C 3 8 IS 18630 S Swarna S 80 
C 4 8 IS 1054 R CK60 B S 112 143 
C 5 8 . IS 5604 R CK60 B S 97 97 
17 A 17 Kaffinum A S IS 1082 R 48 - -
17 B 17 2219 A S IS 2312 R 41 — — 
17, C 17 3659 A MS EN 3332-2 MR 47 6 
18 A 18 IS 1054 R IS 5604 R 50 15 
18 B 18 IS 1054 R IS 5642 R 50 24 
18 C 18 IS 1082 R IS 5604 R 50 13 
18 D 18 IS 1082 R IS 2312 R 50 4 
18 E 18 IS 18576 R IS 5622 R 18 
18 F 18 IS 18652 R IS 3962 R 50 — — 
C 5 22 IS 5604 R CK60 B S - - 54 
= susceptible, R = resistant, MR = moderately resistant to 
shootfly. 
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surface of the leaf lamina and the effect of trichome presence on shoot-
fly resistance. 
Matings which did not use male sterile lines as parents were 
made via hand emasculation. Putative plants were visually compared 
with their female parents to eliminate maternal selfs. Seed multiplica­
tion was accomplished by selfing plants treated with 1.2 kg. carbofuran 
(AI)/ha applied in the seed furrow to preclude shootfly attack. An 
Fg line was derived from an individual Fg plant, and an F^  line was 
a bulk composed of equal amounts of seed from 6-10 Fg plants within an 
Fg-family. 
Field Methodology 
The shootfly experiments were grown in the field during the 1978 
rabi (post-rainy season, October 1978 to February 1979) at ICRISAT 
Center, except Experiment 22, conducted during the 1979 kharif (rainy 
season, June-September), and Experiments 1 and 2, which were grown in 
the environments listed in Table 5. Shortage of available land neces­
sitated the omission of Experiment 2—Mating 3 ('IS 18630' x Swarna) 
from the P8R environment. 
All experiments were arranged in lattice designs. Replication 
numbers were three per environment for Experiments 1 and 2, four for 
Experiment 22, and two for all other experiments. Each set of matings 
in Experiment 1 or each mating in Experiment 2 was planted in a sep­
arate block within a replication: therefore, all sets or matings of 
an experiment were sown in contiguous blocks in a replication. This 
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Table 5. Characteristics of and treatments applied to environments 
used for Experiments 1 and 2 
Abbr. Season* Location Row 
spacing 
Fertilizer 
(N-P-K) 
kg/ha 
Irriga­
tion Spreader 
D8K '78 Kharif Dharwar 45 cm 60-30-30 No Yes 
D8R •78 Rabi Dharwar 45 cm 40-40-40 No No 
I8R '78 Rabi ICRISAT 75 cm 20-20-0 Yes No 
Center 
P8R •78 Rabi Parbhani 45 cm 60-40-40 Yes No 
Abbr. Planting date Thinned ' Final DH count 
D8K 26-27 July 10-12 Aug. 31 Aug.-2 Sept. 
D8R 13-14 Oct. 29 Oct. 20-22 Nov. 
I8R 26 Dec. 16-18 Jan. 9-16 Feb. 
P8R 21-26 Oct. 5-7 Dec. 
"^Kharif" and "rabi" designate the rainy season (June-September), 
and the post-rainy season (October-February) of central India, respec­
tively. The rabi season is identified by the year in which it begins. 
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arrangement facilitated the comparison of resistance levels among 
parents and hybrids of different sets, even though no statistical tests 
of such differences were conducted. 
Infestation by shootflies in all experiments was by natural pop­
ulations of insects. The infestations were enhanced, however, by sow­
ing all experiments four to six weeks later than the normal planting 
period. To further increase the numbers of shootflies for egg laying, 
CSH-1 (a susceptible hybrid) was planted in the D8K environment in 
strips throughout the testing area approximately one month before the 
experimental lines were sown. However, after the 1978 kharif, suscep­
tible spreaders were discontinued because shootfly infestation was 
sufficiently intense without them. 
A plot was a single row 4 m long, rows were spaced 75 cm apart 
at ICRISAT Center and 45 cm elsewhere, and ranges of rows were sepa­
rated by 1 m alleys. Plots were seeded at approximately 20 plants/m, 
and 7-10 days after emergence thinned to 10 plants/m. 
Deadhearts (DH) due to shootfly damage did appear prior to thin­
ning in some experiments, so care was taken to thin only on the basis 
of seedling position in the row, disregarding whether or not the plant 
showed the DH symptom. Number of plants/plot was recorded immediately 
after thinning. Final DH counts were taken between 21 and 50 days 
after planting in all experiments, and in some, number of plants with 
eggs and number of plants with DH were recorded earlier also. Because 
shootfly damage was essentially the only cause for young seedlings to 
die, DH incidence could be estimated in most experiments by subtracting 
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number of plants without DH from total number of plants in the plot. 
Occasionally, main culms (usually none, but infrequently as many as 
five per plot) showed DH due to stem borer (both Chilo partellus 
(Swinhoe) and Sesamia spp.'^ . but differences in the appearance of the 
wilted leaves, presence of a borer exit hole at the stem base or borer 
feeding within the stem were used to differentiate DH due to borer from 
those due to shootfly. Borer infestation mainly occurred after shoot-
fly attack subsided, so plants with borer DH were included in the 
number of plants unaffected by shootfly. 
Analyses—General Methods 
Lines in my study were considered random for purposes of inter­
preting the inheritance patterns of reaction to shootfly. In reality, 
they were selected to represent several groups of materials involved 
in an ICRISAT program designed to incorporate shootfly resistance into 
agronomically desirable varieties, so I limited inferences from my 
analyses to other lines similar in origin and appearance to those 
tested. With due caution in generalizing the conclusions, an evalua­
tion from the lines and hybrids in my study should provide useful 
information about the inheritance of resistance to shootfly in sorghum 
for other investigators and situations. 
Environments and replications were presumed to respectively repre­
sent random samples of the climatic and field conditions and of the 
microenvironments at experimental farms in the sorghum growing region 
of central India. In Sets lA and IB of Experiment 1, in which both Fj 
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and F2 were grown, the generation was considered a fixed effect. The 
expected mean squares for the combined analysis of environments of 
Set lA are shown in Table 6. Degrees of freedom and coefficients of 
the variance components are shown in their general form so these 
expectations can be applied to individual environments and to other 
sets. For all sources of variation except F vs. M, P vs. H, etc., 
mean square expectations were derived by the method of Snedecor and 
Cochran (1967). Coefficients for source of variation exceptions were 
developed by changing the usual form of an orthogonal contrast into 
a form with a multiplier and a squared difference of the two means 
involved. The latter value equals twice the variance of the two means. 
The expectations of mean squares for individual environments can 
be obtained from Table 6 by setting e = 1 and recognizing that the 
component for variance among entries measured in a single environment 
is inflated by the component for the interaction of entries with 
environments. Expectations for Sets 3A-3F of Experiment 1 follow the 
same form as Table 6 with the F^  terms and subscripts deleted. Only 
expectations in Sets 2A and 2B which involve hybrids and their recip­
rocals have a different form (Table 7) than those in Table 6. Recip­
rocal differences were considered random and variance components due 
to them were included in the expected mean squares for differences 
among parental combinations. Consequently, mean squares for parental 
combinations were considered non-significant unless significantly 
larger than mean squares for reciprocals. 
Before analysis, all data on percentage DH were transformed to 
Table 6. Expected mean squares (EMS) from analysis of variance of data from Experiment 1-
Set lA (combined over environments)* 
Source df EMS (lines, reps, env. random; generations fixed) 
Environments (Env) e-1 
Reps(Env) e(r-l) 
Entries (Ent) 
Parents (P) 
Females (F(P)) 
Males (M(P)) 
F vs M 
Hybrids (H) 
Fk,k=l,2 
Females (F) 
Males (M) 
F X M 
p+gfm-1 
p-1 
f-1 
m-1 
1 
gfm-1 
fm-1 
f-1 
m-1 
(f-1)(m-1) 
*e(P) 
Oe(P)' 
Oe(P)' 
Oe(P)' 
*e(H)' 
*e(H)' 
e^(H)' 
e^(H)' 
e^(H)' 
+ 
+ 
+ 
+ 
+  
+  
+  
+ •  
°^EntxEnv 
e(p+gfm)0R2 
 ^EntxEnv 
2 fOPxEnv 
+ r(p+gfm)oEnv' 
TO F(P)xEnv 
ro, M(P)xEnv 
+ 
+ 
+ 
+ 
2rfm 
f + m 
(o (FvsM)xEnv 
fOHxEnv 
TO FjjxEnv 
2 
^^ (FxM)(Fk)xEnv 
ero(FxM)(Fk)^  
2 
ro(FxM)(Fk)xEnv 
erO(FxM)(Fk)^   ^
r°(FxM) (Fk)xEnv'' 
eroEnt 
eropZ 
+ 
+ 
+ 
+ 
eraF(p) 
eroM(P)2 
eoFvswf) 
eraH^  
erapk 
™°F(Fjj)xEnv' 
ermop(p^ )2 
rfo, 
erfoi 
M(Fjj)xEnv 
2 
M(Fk) 
eroFxM(Fk)' 
I^n general, lower case letters designate the number of levels of a particular factor, where­
as upper case letters are used as subscripts designating variance components associated with that 
factor. The error ccanponent, however, is OQ^ ; the component which is an artifact of binomially 
distributed data is and the difference (which represents "plot" error) is Op^ . Fj^  refers to 
hybrids of generation k, with k = 1 or 2. 
Table 6. (Continued) 
Source df (lines, reps. 
Fj vs F2 
P vs H 
Entries x Env 
P X Env 
F X Env 
M X Env 
(FvsM) X Env 
H X Env 
Fj^  X Env 
F X Env 
M X Env 
FxM X Env 
(F2VsF2)xEnv 
(PvsH) X Env 
°e(H) 
Oe(PvsH) 
(e-l)(p+gfm-l) 
(e-l)(p-l) 
(e-l)(f-1) 
(e-l)(m-1) 
e-l 
(e-l)(gfm-l) 
(e-l)(fm-1) 
(e-l)(f-1) 
(e-l)(m-1) 
(e-l)(f-1)(m-1) Oe(H)^  
e-l " '—2 
e-l 
Oe(P) 
°e(P)' 
oe(P)' 
*e(H)' 
ae(H)' 
e^(H)' 
°e(H)' 
*e(H)' 
°e(PvsH) ' 
EMS 
env. random; generations fixed) 
rfma(FivsF2)xEnv^  + erfmo^ p^ ygp^ )^  
p^f]^ '^^ (PvsH)xEnv^ '^  GC(PvsH)^ ) 
2 
^^ EntxEnv 
™PxEnv^  
f°FxEnv^  
f^ MxEnv^  
2rmf „ 2 
m+f (FvsM)xEnv 
f^ HxEnv^  
^^ FjjXEnv^  
(FxM) (F%) xEnv^  * '^^ F (F^ ) xEnv 
°^(FxM) (Fk)xEnv^  rf*M(Fk)xEnv^  
O^(FxM) (Fjç)xEnv^  
rfma(P2VgF2)xEnv 
2rpgfm 2 
p+gfm (PvsH)xEnv 
Table 6. (Continued) 
Source df EMS (lines, reps, env random; generations fixed) 
Entry X Rep(Env) e(r-l)(p+gfm-1) = (oj^  + Op2) 
P X Rep (Env) e(r-l)(p-l) Oe(p)2 = Ccid(P)^  + ap(P)^ ) 
H X Rep (Env) e(r-l) (gfra-1) <Je(H)^  = (^d(H)^  + '^ p(H)^ ) 
P v s H  e C r - 1 )  a e ( P v s H ) 2  =  ( o d f  *  " P C P V S H / ^  
Theoretical error of binomial distribution 
Entries «> 
2 
Parents <» od(P) 
2 
Hybrids ~ ''d(H) 
Table 7. Expected mean squares (EMS) from analysis of variance of data from Experiment 1— 
Set 2A (combined over environments)^  
Source df EMS (all effects random) 
Entries (Ent) p+2fm-l *e2 
'^^ EntxEnv + ercEnt^  
Parents (P) p-1 Ce(P)^  + °^PxEnv^  + er0p2 
Hybrids (H) 2fm-l *e(H)2 + :^ HxEnv^  + eroH^  
Parental 
Combinations (PC) fm-1 Oe(H)2 + 2 i^ RecxPCxEnv + 2 ZfOpCxEnv 
+ eroRecxPC  ^ + Zeropc? 
Females (F(H)) f-1 °e(H)^  + 2 °^RecxFxMxEnv + ™°RecxFxEnv^  + 
2 
ZfopxMxEnv 
+ 
2 2rmcF(H)xEnv + ®^ '^ RecxFxM^  + ermoRecxF  ^
+ ZercTp^ Z + 2 e r m o p ^  
Males (M(H)) m-1 *e(H)2 + fORecxFxMxEnv^  + 2 rfoRecxMxEnv + 2 ZfOpxMxEnv 
+ 2rf0M(H)xEnv^  + 2 ®^ R^ecxFxM + erfoRecxM  ^
+ 2®^ ®FXM^  + 2erfaM(-H)2 
F X M (f-1)(m-1) *e(H)2 + 2 z^ RecxFxMxEnv + 2fGpxMxEnv 
+ ®^ R^ecxFxM + ZeroFxM  ^
S^ources of variation present in the analysis but not listed in this table have the same 
degrees of freedom and EMS as those presented in Table 6. Subscripts are also identified in 
Table 6. 
Table 7. (Continued) 
Source d£ 
2 Reciprocals (Rec) £m Oe(H) 
Avg. Rec.Diff. 
(ARD) 1 Oe(H) 
Rec X PC fm-1 
Rec X F £-1 °e(H)^  
2 
Rec X M m-1 '^ e(H) 
Rec X F X M (£-l)(m-) '^ e(H)^  
P vs H 1 *e(PvsH) 
EMS (all effects random) 
2 2 
f^ RecxEnv + ®^ '^ Rec 
2 2 
fORecxPCxEnv ^^ ™^ ARDxEnv 
eroRecxPC^  + erfma O^^  
2 2 
fORecxPCxEnv. "*• G^ R^ecxPC 
2 2 
°^RecxFxMxEnv ^^ R^ecxFxEnv 
2 2 
srcTRecxFxM ®™^ RecxF 
2 2 
"^^ RecxFxMxEnv "*• ^^ '^ RecxMxEnv 
®^ R^ecxFxM^  ®^ ^^ RecxM^  
2 (^^ RecxFxMxEnv •*" ®^ ''RecxFxM 
"• (°(PvsH)xEnv^  " 
Table 7. (Continued) 
Source df EMS (all effects random) 
Entries x Env (e-1)(p+2fm-l) + rrr 2 E^ntxEnv 
Parents X Env (e-1)(p-1) *e(P)2 + 2 ®^PxEnv 
Hybrids X Env (e-1)(2fm-l) Oe(H)2 + 2 (^^ HxEnv 
PC (e-1)(fm-1) °e(H)^  + 
2 
^^ RecxPCxEnv + 
2 
ZropcxEnv 
F X Env (e-l)(f-l) oe(H)2 + 2 '^ RecxFxMxEnv + 2 ™^ RecxFxEnv 
+ 
2 
^^ F^xMxEnv + 
2 
2™ap(H)xEnv 
M X Env (e-1)(m-1) *e(H)^  + 
2 
^^ RecxFxMxEnv + 
2 
rfoRecxMxEnv 
+ 2 2^ F^xMxEnv + 2rfaM(H)xEnv^  
F X M X Env (e-1) (f-l)(m-l) *e(H)^  + ^^ RecxFxMxEnv + 
2 
^^ F^xMxEnv 
Table 7. (Continued) 
Source d£ EMS (all effects random) 
Rec X Env (e-l (fm) ®e(H)^  + ^^ RecxEnv 
Avg. Rec. Diff. 
X Env (e-l *e(H)^  + f^ RecxPCxEnv^  + ffnoARDxEnv^ 
Rec X PC X Env (e-l (f-1) Oe(H)2 + fCRecxPCxEnv^  
RecxFxEnv (e-l (f-1) Oe(H)2 + 2 ^^ RecxFxMxEnv + ™'^ F (M)xEnv^  
RecxMxEnv (e-l (ra-1) 
*e(H)^  + 
2 
fORecxFxMxEnv + rfcM(H)xEnv^  
RecxFxMxEnv (e-l (f-l)(m-l) *e(H)2 + 2 "^RecxFxMxEnv 
(P vs H) X Env (e-l °e(P vs H) 
2 
(PvsH)xEnv 
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angles (arcsin square root transformation) and plots with 0% or 100% 
DH were adjusted by the method of Snedecor and Cochran (1967). Table 8 
shows the angular values corresponding to some percentages, and vice 
versa. DH% (as angles) of missing plots were estimated and degrees 
of freedom for error were reduced by one for each missing plot 
(Snedecor and Cochran, 1967). When data are binomially distributed, 
the error variance in the angular scale is 820.7/n, with n equal to 
the number of plants. Expected variance due to the binomial distribu­
tion of data was calculated from the harmonic mean of the number of 
plants/plot (generally near 30 in this study). 
Data were analyzed for each environment as a randomized complete 
block (RCB) design because (a) lattice analyses did not give greater 
efficiency than RCB analyses, and (b) the RCB with some entries 
eliminated usually was superior to the lattice analysis. In combined 
analyses of variance for Experiments 1 and 2, using individual plot 
data from each environment, error terms were calculated separately for 
each group of entries, and were pooled only if they were not signifi-
2 
cantly different at P = 0.1 by Bartlett's Chi homogeneity of variance 
test (Snedecor and Cochran, 1967). 
When three or more random effects were included in a factorial 
analysis of variance, such as in the combined analysis of data from 
multiple environments, some of the mean square expectations did not 
permit a direct F-test because no single mean square was a suitable 
denominator. For such cases, I combined appropriate mean squares and 
tested their significance according to the procedure of Satterthwaite 
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(Snedecor and Cochran, 1967). 
Components of variance were calculated according to mean square 
expectations shown in Tables 6 and 7. A pooled error term or interaction 
often was used for the F-test of a given source of variation, and in 
such cases, the same pooled mean square was used to calculate the 
variance component estimate. Components of variance are positive by 
definition, but some negative estimates were derived and reported as 
such. 
Description and Analyses of Individual Experiments 
Experiment ^  
GCA and SCA effects and variances Differences among hybrids 
from a specified set of parents crossed in a Design II (Comstock and 
Robinson, 1948) type of mating system (termed an "AB" or "cross-
classified" design by Cockerham, 1963) can be partitioned into the 
average effect of the female parent in its hybrids (GCAp), the average 
effect of the male parent in its hybrids (GCA^ ) and the deviation of 
the hybrid from the mean plus the sum of these two effects (SCA). 
Sprague and Tatum (1942) first reported this partitioning in a dialled 
set of maize hybrids. Expressed as a statistical model, it becomes: 
hij = gi + H. s.., 
where h^ , = the deviation of the ij hybrid from the mean of the 
hybrids, 
g^  = the GCA effect of the i^  ^female parent. 
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Table 8. Conversion of percent to degrees (arcsine square root trans­
formation), and of degrees to percent, for selected values 
of each 
% to degrees degrees to % 
0 0 0 0 
1 5.7 1 0.03 
5 12.9 5 0.8 
10 18.4 10 3.0 
20 26.6 20 11.7 
30 . 33.2 30 25.0 
40 39.2 40 41.3 
50 45.0 50 58.7 
60 50.8 60 75.0 
70 56.8 70 88.3 
80 63.4 80 97.0 
90 71.6 85 99.2 
95 77.1 89 99.97 
99 84.3 90 100.0 
100 90.0 
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V^i 
g. = the GCA effect of the j male parent, 
s,. = the SCA effect of the hybrid = h.. - g. - g. . 
ij 1 J 
Variances associated with these effects enter into the mean square 
expectations for hybrids and its components. The variance of female 
2 2 GCA effects is and corresponds to in the expected mean 
2 2 2 
squares of Table 6. Likewise, corresponds to , and 
2 
to Op^  in that table. 
GCA and SCA variance components can be translated into covariances 
between relatives, such that in a Design II experiment. 
°GCAM ^ 
2 
OGCAp = COV HS, 
OgcA^  = COV FS - COV HSp - COV HSj^  
according to Comstock and Robinson (1948), using the symbols of 
Hallauer and Miranda (1981). Under certain conditions, the covariances 
can be translated into meaningful genetic components of variance. 
Parent-offspring regression Two forms of regressions were used 
to determine the degree of association between the parents and their 
offspring in Experiment 1. The first involved the regression of 
individual hybrids on the means of their two parents, (i.e., midparent 
value). The second regressed the mean of all progeny with a common 
parent onto that parent. The latter regression gave separate estimates 
for the parents used as females and for those used as males. The 
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expected value for the regression of hybrids on midparents is 1.0, 
and that for progeny means on parent is 0.5 if all variance is additive 
genetic. 
Experiment 2—generation means analysis 
Means of the various generations of matings in Experiment 2 were 
fitted by weighted least squares to the coefficients given in Table 9, 
using the inverse of the variances of the means as the weighting factor 
(Hayman, 1958). Variance of the mean for a generation represented by 
more than one entry was calculated from the variance among the multiple 
entries. The error or entry x environment mean square from an unweighted 
analysis of variance which included all entries was used to calculate 
the variance of the mean of generations having only one entry each. 
Successive parameters beginning with "m" (Table 9) were added to the 
model until the deviations from the model were smaller than the tabu-
2 lated Chi at P = 0.1 with degrees of freedom equal to number of gener­
ations minus number of terms fitted in the model (Cavalli, 1952). 
Symbols "m", "a", "d", "aa", "ad", and "dd" respectively represented 
the least squares mean, the sum of additive genetic effects, the sum 
of dominance genetic effects, and the sum of additive x additive, 
additive x dominance, and dominance x dominance digenic interactions 
(Gamble, 1961). 
The intended analysis of all nine generations listed in Table 9 
was modified for three matings because at least one generation was 
missing in each. The missing generations were the B^ S of IS 18630 x 
Swama, the Fj, Bi, and B2 of IS 1054 x CK60 B, and the Fi, F3, BjS, 
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Table 9. Coefficients for genetic components of means for various 
generations (adapted from Hayman, 1958) 
Generation Component^  uciicxaLxuii 
m a d aa ad dd 
Parent 1 (PI) 1 1 -0.5 1 -1 0.25 
Parent 2 (P2) 1 -1 -0.5 1 -1 0.25 
Fi 1 0 0.5 0 0 0.25 
F2 1 0 0 0 0 0 
F3 1 0 -0.25 0 0 0.0625 
Fi X Pi (Bi) 1 0.5 0 0.25 0 0 
Fi X P2 (Bo) 1 -0.5 0 0.25 0 0 
Bi selfed (B^ S) 1 0.5 -0.25 0.25 -0.25 0.0625 
B2 selfed (B2S) 1 -0.5 -0.25 0.25 0.25 0.0625 
T^he genetic components represented by the symbols given here 
are explained in the text. 
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B2S and Bj of IS 5604 x CK60 B. Of the ten Fg entries in this cross, 
one was eliminated because of contamination. In IS 1054 x CK60 B, 
three of ten F2 entries of the same seed lot were missing in the D8R 
environment, but the mean and standard deviation of the seven entries 
present were included in the combined analysis as if all ten entries 
existed. Other entries missing in this mating were B2S and four F3 
in P8R, and one F3 in D8R. Values for these entries were estimated 
by using the missing plot formula based on data for the entry in the 
other three environments. 
Inheritance of presence and density of trichomes 
Matings of trichomed and trichomeless parents Segregation 
ratios were studied in several filial generations of five single-cross 
matings of sorghum, each involving a trichomed and a trichomeless 
parent. The matings were IS 1054 x CK60 B, IS 5604 x CK60 B, 'Kaffinum A' 
X IS 1082', 5659 A' x "EN 3332-2', and '2219 A'x IS 2312'. In each mating, 
Fg lines were developed by selfing random F2 plants. For IS 1054 x 
CK60 B, the parents, F^ , F^ , Fg, and several backcross generations were 
evaluated. In IS 5604 x CK60 B, the parents, F^  and F^  were studied. 
Fg lines of Kaffinum A x IS 1082, 3659 A x EN 3332-2 and 2219 A x 
IS 2312 had been developed for other purposes. Because Kaffinum A, 
3659 A, and 2219 A are male-sterile, some F^  plants from these matings 
were also male-sterile and when selfed did not produce F^  seed. There­
fore, in these three matings any linkage between male-sterility and 
the absence of trichomes would cause the proportion of progeny with 
trichomes to be higher than without linkage. 
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Matings of trichomed with trichomed parents Twenty plants 
from each of three single-cross matings between trichomed parents were 
evaluated. The matings were IS 1054 x IS 5604, IS 1082 x IS 5604, 
and IS 1082 x IS 2312. 
Determination of trichôme presence All experiments for trichome 
evaluation were conducted between 1977 and 1979 in the field at ICRISAT 
Center near Hyderabad, India. Materials were grown in soil that had 
been treated with 1.2 kg carbofuran (AI)/ha applied in the seed furrow 
to preclude shootfly infestation, except for the Fj (1st set), BC^ Fg 
and BCgFg (1st set) of IS 1054 x CK60 B, and the F^  of IS 5604 x CK60 B. 
These latter three groups were grown in wooden boxes with soil during 
the offseason (January-May). All plots in the field were slightly over-
seeded, and subsequently thinned to one seedling every 10 cm. No 
thinning was done in the soil box experiments. 
Evaluations for trichome presence or absence were done on leaf 
samples from 10 or more plants per progeny taken 15 to 21 days after 
seedling emergence. A section taken from the center of the abaxial 
surface of the fourth or fifth plant leaf (counting the coleoptile as 
the first leaf) was cleared of cell contents using ethanol and lactic 
acid, and mounted on a slide. Presence and absence of trichomes on 
these cleared samples were determined with the aid of a microscope 
(Maiti et al., 1980). 
Heritability of trichome density Thirty-seven Fg-derived lines 
from the mating IS 1054 x CK60 B were developed by selfing random Fg 
plants and retaining the Fg-derived lines in which all Fg plants were 
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trichomed. These lines in were bulks of equal quantities of selfed 
seed from 6 to 10 plants. The lines were evaluated for trichome 
density in a nonreplicated experiment in which plots were single rows 
4 m long and placed 75 cm apart. Spacing between plants was 10 cm. 
The Fg generation was grown in one block, and F4 in an adjacent one. 
Samples for analysis were selected and cleared as above from the 
fourth leaf of 10 plants and from the fifth leaf of 10 different plants. 
2 Trichomes were counted in two microscope fields of 0.8 mm per leaf 
2 
and density was expressed as trichomes/mm . 
Distributions of Fg and F^  Lines 
Means and frequency distributions for DH values for Fg-derived 
lines in F^  and F^  were compared with those of their parents for the 
matings listed in Table 4. Distributions were examined for transgres-
sive segregation towards resistance (i.e., a line significantly better 
than the more resistant parent). Such lines discovered in the Fg test­
ing could be verified as actually being transgressive with F^  data. 
In the Fg and F^  of IS 1054 x CK60 B and the F3 of IS 5604 x CK60 B 
matings, lines were classified according to the presence, segregation, 
or absence of trichomes based on examination of 10-15 plants/line. The 
Fg lines of the three matings in Experiment 17 were also classified for 
trichome presence. The DH% distributions of lines within each category 
were then compared with the distribution of the respective parents of 
these five matings. 
Four genetic models were fitted by weighted linear regression to 
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the means of parents and of trichomed, segregating, and trichomeless 
lines with the inverse of the variance of each group mean used as the 
weighting factor. The models fitted were: 
(1) trichomes only, 
(2) trichomes plus genes operating additivèly, 
(3) trichomes plus genes dominant for susceptibility, and 
(4) trichomes plus genes having duplicate dominant type of 
digenic epistasis with dominance for susceptibility. 
Each model included an intercept and one or two genetic terms, the 
coefficients of which were the expected frequency of genotypes exhibit­
ing a resistance response (Table 10). These models are dependent only 
on the type of gene action and not on the number of genes involved. They 
are independent of linkage except in Model 4, in which tightly linked 
pairs of interacting loci would affect the means the same way as the 
single loci of Model 3, whereas less tightly linked loci would affect 
the means in a way intermediate between the two models. The adequacy 
of each model was tested assuming the deviations from the model were 
distributed as Chi^  (Cavalli, 1952). 
Using the methodology described in the section on "Inheritance of 
2 trichôme presence and density", the density of trichomes/mm was 
determined for the and lines of IS 1054 x CK60 B and for the 
trichomed Fg lines of IS 5604 x CK60 B. The average density for leaves 
four and five was correlated with deadheart data from infested plots of 
the same lines in a different field. Means of the percentage dead-
hearts (as angles) from Experiments 8C4A and 13A were averaged for each 
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Table 10. Coefficients used in regressions of DH% of F^ -derived F3 
and F4 lines on four genetic models (described in text). 
Coefficients for the F4 are in parentheses if different 
from those for the F3 
T A D I 
Resistant parent 1 1 1 1 
Trichomed lines 1 1/2 3/8 (7/16) 9/64 (49/256) 
Segregating lines 1/4 (3/8) 1/2 3/8 (7/16) 9/64 (49/256) 
Trichomeless lines 0 1/2 3/8 (7/16) 9/64 (49/256) 
Susceptible parent 0 0 0 0 
 ^= trichomes, A = genes additive for resistance, D = genes dom­
inant for susceptibility, I = pairs of genes exhibiting duplicate 
dominant epistasis for susceptibility. 
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trichomed line, as were those from Experiments 8C4B and 133, and then 
correlated with trichome density in the and F^ , respectively, of 
IS 1054 X CK60 B. Trichome density of Fg lines of IS 5604 x CK60 B 
was correlated with the corresponding F^  and F^  deadheart data from 
Experiments 8C5A and 8C5B. 
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RESULTS AND DISCUSSION 
Experiment 1 
Results of individual sets 
Readers interested only in a summary of results over all sets of 
Experiment 1 should skip to page 122. 
Set lA Results from Set lA, presented in Tables 11-13 and Appen­
dix Tables AItAS, show that moderate differences in DH% due to male par­
ents were reflected somewhat in their offspring, but the slight differ­
ences due to female parents were not apparent in their hybrids (Table 11). 
Significant differences among female parents occurred only in the D8R en­
vironment but differences among their progeny never occurred (Appendix 
Tables A2, A3). Male parents differed significantly in the D8R, and P8R 
environments and in the combined analysis (P = 0.01, 0.01, and 0.1, re­
spectively) but hybrids with a common male parent were significantly dif­
ferent only for the in the combined analysis and for the Fg in the I8R 
environment. Estimates of variance components were small (less than 9 
degrees ) for the effects of male or female parents in their hybrids, and 
for the differences among female parents per se (Appendix Tables A4, A5). 
Male parents had larger estimates—over 100 degrees in D8R and P8R en-
vironments, and over 30 degrees in the combined analysis. For compari­
son, when the DH% is near 50, 1° in the angular scale is approximately 
1.75% in the percentage scale and decreases as the DH% approaches 0 or 
100 (Table 8). 
In both Fj and ¥2 on average, hybrids were more susceptible than 
Table 11, Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set lA 
Environment-
D8K D8R I8R P8R Comb 
P Fl F2 P Fl F2 P Fl F2 P Fl F2 P Fl F2 
Means 
All parents 
Females 
Males 
76.2 
81.9 
70.4 
77.0 75.7 61.6 
77.4 
45.8 
70.7 69.2 37.2 
47.3 
27.0 
42.0 40.4 47.6 
66.0 
29.3 
58.7 52.0 55.6 
68.2 
43.1 
62.1 59.3 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Fl F2 Fl F2 Fl F2 Fl F2 Fl F2 
Females 
Kaffinum A 
2219 A 
3659 A 
— 1.0 
1.2 
-0.2 
-0.7 
0.7 
0.0 
-0.8 
1.4 
-0.6 
6.1 
-6.0 
-0.1 
0.2 
-1.7 
1.5 
-1.6 
-0.2 
1.7 
4.2 
-6.7 
2.5 
-1.1 
-0.6 
1.6 
-2.8 
1.4 
1.4 
—0.3 
—0.3 
0.6 
1.4 
0.2 
-1.6 
-0.9 
-1.4 
2.4 
2.3 
-3.0 
0.7 
0.0 
-0.4 
0.4 
-1.5 
0.3 
1.2 
Males 
IS 1082 
IS 2312 
EN 3332-2 
-4.5 
0.3 
4.2 
-1.4 
-1.3 
2.7 
-0.9 
-0.1 
1.0 
—3.6 
-10.5 
14.1 
-1.6 
0.0 
1.6 
0.4 
-1.7 
1.3 
1.3 
-1.2 
-0.1 
-0.4 
-0.6 
1.0 
-3.8 
1.9 
1.9 
0.2 
-11.2 
10.9 
-2.0 
-4.6 
6.6 
-2.4 
1.2 
1.3 
-1.6 
-5.7 
7.3 
-1.4 
-1.6 
3.0 
-1.7 
0.3 
1.4 
LSD 9.6 5.8 5.8 8.3 4.8 4.8 9.2 5.1 5.1 10.9 6.3 6.3 11.8 3.2 3.2 
Table 12. Regression of individual hybrids on midparent values (MP) for DH% (as angles) for 
Experiment 1—Set lA 
Environ­
ment 
FL 2^ (Fi + F2)/2 
Var(MP) 
b r2 Var(Fi) b r2 Var(F2) b r2 Var((Fi+F2)/2) 
D8K 0.95* 0.51 6.56 0.52 0.07 14.96 0.73 0.28 7.13 3.74 
D8R 0.21 0.27 5.76 0.14 0.12 5.77 0.17 0.24 4.39 37.13** 
I8R 0.09 0.01 5.46 -0.71 0.17 20.26 -0.31 0.07 9.17 6.83 
P8R 0.99* 0.48 46.37** 0.02 0.00 23.77 0.50 0.30 19.75* 23.03* 
Comb. 0.67** 0.71 6.09 0.14 0.04 5.13 0.41+ 0.40 4.01* 9.60** 
+ * **p = 0.1, 0.05, 0.01, respectively, in this and subsequent tables. 
Table 13. Regression of progeny means (PM) on parents for DH% (as angles) for Experiment 1— 
Set lA 
Enviroi 
ment 
1- Fl F2 Avg Var 
(Parents) b r2 Var(PM) b r2 Var(PM) b r2 Var(PM) 
Female parents 
D8K 0.61 0.98 0.45 1.06 0.92 1.49 0.84 0.98 0.86 1.21 
D8R 0.16 0.35 2.65 -0.12 0.19 2.73 0.02 0.01 1.98 36.75* 
I8R 0.05 0.04 2.05 -0.26 0.40 5.95 -0.11 0.13 3.11 34.80 
PER -2.84 0.82 2.25 4.32 0.99 4.32 0.74 0.39 0.32 0.23 
Comb 0.09 0.42 0.14 -0.25 0.22 1.94 -0.08 0.07 0.61 7.19 
Male parents 
D8K 0.46 0.73 5.54 0.21 0.98 0.84 0.34 0.82 2.59 18.76 
D8R 0.09 0.49 2.69 0.11 0.80 2.44 0.10 0.97 1.67 161.81** 
I8R 0.03 0.00 0.75 -2.32 0.79 11.01+ -1.15 0.60 3.55 1.61 
P8R 0.50 0.90 34.06% 0.00 0.00 4.38 0.25 0.67 11.56* 122.59** 
Comb 0.38 0.93 6.68** 0.12 0.28 2.40 0.25 0.74 3.74** 44.02+ 
S^ignificant at P = 0.05 when tested against MS 18 (Entry x Rep) but not when tested 
against MS 11 (F x M) from Table 9. 
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the means of their parents; this difference was highly significant in 
the combined analysis and in the D8R and P8R environments (Tables 11 and 
Appendix Tables A2-A3). The F2 mean was significantly less than the 
mean only in the P8R and combined analyses. The facts that the mean of 
the (midparent value + F^ y/Z closely approximated the F2 mean, and the 
hybrids were more susceptible than the midparent but less susceptible 
than the susceptible parent argue for partial dominance of susceptibility. 
An unweighted generation means analysis estimated "m", "a", "d" to be 
59.0°, -12.5°, and 6.6°, respectively, with each parameter being signif­
icantly different from zero. Deviations from regression, tested by the 
pooled standard errors of the four means (based on the entry x environ­
ment mean square of Appendix Table A2), were non-significant. 
The interaction of entries with environments was significant for 
parents but not for hybrids (Appendix Table A2). The component for 
parent x environment interaction was nearly as large as the error 
variance, and the male parent x environment component was 75% as large 
as the male-parent component itself. Obviously, the interaction of 
entries with environments can be of sufficient magnitude to require 
multiple-environment testing to establish shootfly reactions of sorghum 
lines. 
Because shootfly data were recorded only as present or absent, 
they were distributed binomially, and thus, a portion of the error 
variance would be an artifact attributable to the binomial nature of 
the data. This artifact variance accounted for more than 46% of the 
error variance in each individual environment and 74% when environments 
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were combined. 
Significant variation among F^ s did not occur in the D8K environ­
ment and the combined analysis, but nevertheless, the regression of 
hybrids on their midparent values was significant for these com­
parisons and for the P8R environment (Table 12). No regression of 
hybrid on midparent or of progeny means on parents was significant for 
the F2 (Table 13). The regression coefficient of Fj progeny means on male 
2 parents was near 0.5 (r > 0.9) for the P8R and combined analyses, and 
in both situations, significant variation occurred among progeny 
means. Even though these regressions were not significant, the 
magnitudes of them and the coefficients of determination suggest a 
fairly strong relationship between the resistance of a parent and its 
progeny. 
Set IB Tables 14-16 and Appendix Tables A6-A10 present the 
results from Set IB. Because no balanced set of parents and hybrids 
included both F^ s and FgS, each generation was analyzed separately. 
Differences among female parents and among male parents in the F^  
analysis were small, and the parents' resistance was not transmitted 
intact to their hybrids (Table 14). Significant differences were not 
found among male or among female parents when averaged over environ­
ments, but the mean squares for male and/or female parents were sig­
nificant in some individual environments (Appendix Tables A7, A8). 
Significance for Fj hybrids in D8R and P8R environments was due mainly 
to interactions between female and male parents (Appendix Tables A8, 
AlO). In the D8K environment, differences among F^  hybrids were 
Table 14. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set IB 
Environment 
D8K D8R I8R P8R Comb 
Fl 
Means P H P H P H P H P H 
All parents 74.6 79.0 63.3 72.7 40.3 48.0 50.4 65.4 57.1 66.3 
F 80.2 79.8 47.2 68.1 68.8 
M 69.0 46.7 33.3 32.8 45.4 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
10428 A -0.6 -0.9 -0.9 0.5 -2.9 1.7 -6.7 -3.5 -2.8 -0.6 
10511 A 0.6 0.9 0.9 -0.5 2.9 -1.7 6.7 3.5 2.8 0.6 
Maies 
IS 18652 -8.4 —0.8 -5.0 1.0 3.2 -0.9 -0.2 4.2 -2.6 0.9 
IS 5622 8.4 0.8 5.0 -1.0 -3.2 0.9 0.2 -4.2 2.6 -0.9 
LSD (0.05) 10.1 7.1 10.8 7.6 12.9 9.1 10.7 7.5 14.1 6.6 
Table 14. (Continued) 
Environment 
D8K D8R I8R P8R Comb 
Zi 
Means P H P H P H P H P H 
All parents 73.4 77.6 55.2 63.5 33.7 42.0 46.0 52.1 52.1 58.8 
F 79.8 77.1 43.2 69.1 67.3 
M 70.1 44.3 28.9 34.5 44.5 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
10250-A 0.1 0.0 -1.8 1.6 -1.1 -1.1 7.6 3.3 1.2 0.9 
10428-A -0.1 0.0 1.8 -1.6 1.1 1.1 -7.6 -3.3 -1.2 -0.9 
Maies 
IS 18652 -9.6 -0.8 -2.6 -4.7 7.6 -1.9 -2.0 2.8 -1.6 -1.2 
IS 18584 -1.3 -1.5 -10.8 0.9 -9.7 3.6 -4.9 -2.4 -6.7 0.1 
IS 5622 7.3 0.3 7.4 1.8 1.3 0.4 -1.5 -5.5 3.6 -0.7 
IS 5642 3.6 2.0 6.1 2.0 0.8 -2.1 8.4 5.1 4.7 1.8 
LSD (0.05) 
Parents 9.5 11.0 12.6 14.3 12.7 
GCA (F) 4.8 5.5 6.3 7.1 3.0 
GCA (M) 6.8 7.8 8.9 10.1 4.2 
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Table 15. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set IB 
m^eit°"" b r^  Var (Hyb) Var (MP) 
El 
D8K 0.20 0.18 5.13 23.84* 
D8R -0.42 0.04 39.62+ 8.59 
I8R -0.84+ 0.89 4.99 6.20 
P8R 1.02 0.26 59.33* 14.78 
Comb. -0.10 0.04 1.43 4.84 
F2 
D8K 0.24 0.19 3.47 11.40 
D8R 0.15 0.02 17.01 16.29+ 
I8R -0.57+ 0.49 7.64 11.47 
P8R 0.95* 0.61 34.74 23.65+ 
Comb. 0.25 0.12 3.34 6.30 
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Table 16. Regression of progeny means (PM) 
angles) for Experiment 1—Set IB 
on parents for DH% (as 
Environ­
ment b 
r? Var (PM) Var (Par) 
Females 
Fl 
D8K 
D8R 
I8R 
P8R 
1.45 
-0.54 
-0.58 
0.53 
1.00 
1.00 
1.00 
1.00 
1.49 
0.53 
5.71 
25.12 
0.71 
1.79 
16.92 
88.57* 
Comb. 0.20 1.00 0.61 15.41 
F2 
D8K 
D8R 
I8R 
P8R 
-0.04 
-0.90 
0.92 
0,43 
1.00 
1.00 
1.00 
1.00 
0.00 
5.04 
2.23 
21.43 
0.04 
6.24 
2.63 
115.54 
Comb. 0.79 1.00 1.80 2.91 
Males 
Pi 
D8K 
D8R 
I8R 
P8R 
0.09 
-0.20 
-0.29 
1.00 
1.00 
1.00 
1.20 
1.98 
1.75 
35.49 
142.31** 
49.77+ 
20.28 
0.09 
Comb. -0.33 1.00 1.53 13.67 
P z  
D 8 K  
D8R 
I8R 
P8R 
0.12 
0.13 
-0,33 
0.57 
0.33 
0.12 
0.79 
0.48 
2.40 
10.05 
7.05 
23.30 
53.19 
71.86 
51.77 
33.36 
Comb. 0,08 0.10 1.69 27.46 
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non-significant despite large differences among male parents (Appendix 
Tables AS, AlO). 
In the F2 analysis, differences among female parents were con­
sistently transmitted to their hybrids. For males, parental devia­
tions and GCA effects were erratic across environments, except for 
'IS 18584' which always had a negative parental deviation (i.e. more 
resistant than the mean of the male parents), but often a positive GCA 
effect. Neither female nor male parents, nor F^  hybrids, showed sig­
nificant variation when the data were combined over all environments. 
In P8R the significant variation among female parents was reflected 
in their hybrids, but the differences between female parents or their 
progeny means were not significant in the other three environments. 
Differences between the progeny means of male parents were never sig­
nificant despite the occurrence of significant variation among male 
parents in three environments (P = 0.1 or less). In the Fg analysis, 
2 
variance components were above 30 degrees for male parents in the 
2 D8K, D8R, and I8R environments and nearly 100 degrees for female 
parents in the P8R environment. All estimates of SCA components and 
several GCA components were negative. The GCA component was significant 
(P = 0.1) only for females. 
Fj and Fg means were consistently larger than the mean of their 
parents. In the F^  analysis, the mean of the parents did not equal 
that of the midparent since it included four male and two female 
parents. Even though the Fg mean was larger than the midparent values 
in every environment, the difference was significant only in I8R and 
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in the combined analysis (P = 0.05 and 0.1, respectively). When 
averaged over all environments, five matings in which both Fj and Fg 
progeny were evaluated (Appendix Table A6) showed means of 68.8° and 45.2° 
for female and male parents, and of 66.2° and 59.2° for Fj^  and F g 
hybrids, respectively. An unweighted generation means analysis pro­
duced estimates of 60.9, -11.8, and 8.8 degrees for "m", "a", "d", 
respectively, indicating a substantial dominance for susceptibility. 
Deviations from this three-parameter model were not significant. 
In both the Fj^  and F^  analyses, mean squares for entries x environ­
ments were highly significant, with parents x environments contributing 
most of the interaction. The variance components for interactions 
involving environments were large when compared to the error components. 
In the Fj, the components due to interactions of male parents and SCA 
effect with environments were large relative to the components for 
male parents and SCA effects themselves. There was little interaction 
between environments and the F^  hybrids. 
In the combined analyses of the Fj and Fg, 65% and 56%, respec­
tively, of the error variances were attributable to the expected var­
iances due to binomial distributions. This artifact component accounted 
for over 50% of the error variance in three Fj and two Fg analyses for 
individual environments (Appendix Tables A9, AlO). 
The regression coefficients for hybrids on mid-parent values were 
erratic for both the Fj and Fg. This was not a surprising result in view 
of the small variation among parents and among hybrids (Table 15). 
Regressions for progeny means on female and on male parents also were 
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erratic in both generations (Table 16). 
Set 2A (with reciprocals) Some parents and their hybrids were 
eliminated from the analysis to obtain a balanced set with reciprocals, 
so this group was analyzed and will be discussed separately from the 
analysis of the complete set of parents and hybrids with reciprocals 
excluded. Results from Set 2A (with reciprocals) are shown in Tables 
17-19 and Appendix Tables A11-A15. IS 5604 produced more resistant 
hybrids when used as a pollen parent than when used as a seed parent, 
whereas 'IS 5622' gave opposite results (Table 17). In the D8R, I8R, 
and P8R environments, most of the variance between reciprocals was due 
to the P2 group of parents, but in the D8K and combined analyses 
specific parental combinations also influenced the expression of 
reciprocal differences (Appendix Tables A12-A15). 
All parents in this set were relatively resistant to shootfly as 
shown by the group means and the small and usually non-significant 
differences within the PI and P2 groups of parents (Table. 17 and 
Appendix Tables A12, A13). The slight difference between IS 5604 and 
IS 5622 for DH% was expressed between their groups of hybrids. The 
performance of hybrids of IS 1082 was related to that of their 
parent, but that of hybrids involving IS 1054 and 'IS 18576' was not. 
IS 1054, which showed a higher DH% than expected on the basis of 
its performance as a check (DH = 54.1° vs. 47.0°), was selected in the 
1930s as an improved cultivar from the 'Maldandi' local variety. 
Noticeable variability was present in IS 1054, so the parental line 
in this set and the check may have originated from genetically 
Table 17. Group means,* parental deviations (PD), and GCA effects 
for DH% (as angles) for Experiment 1—Set 2A (with 
reciprocals) 
Environment 
D8K DSR 
Mean P PlxP2 P2xPl Ave P PlxP2 P2xPl Avg 
All parents 
Group PI 
Group P2 
69.6 
67.7 
72.6 
71.1 73.1 72.1 50.1 
51.7 
47.7 
56.1 52.6 54.4 
PD 
GCA PD GCA 
PlxP2 P2xPl Avg PlxP2 P2xPl Avg 
Group PI 
IS 1054 
IS 1082 
IS 18576 
4.6 
-2.5 
-2.1 
0.1 
-2.5 
2.4 
-5.1 
-0.7 
5.8 
-2.5 
-1.6 
4.1 
3.4 
-0.2 
-3.1 
-4.9 
—3.6 
8.5 
0.1 
-7.1 
7.0 
-2.4 
-5.3 
7.7 
Group P2 
IS 5604 
IS 5622 
0.0 
0.0 
1.0 
-1.0 
3.1 
-3.1 
2.1 
-2.1 
2.9 
-2.9 
-1.8 
1.8 
5.0 
-5.1 
1.6 
-1.6 
LSD (0.05) 
Parents 
GCA (PI) 
GCA (P2) 
8.9 
6.3 
5.2 
6.3 
5.2 
4.5 
3.6 
10.9 
7.7 
6.3 
7,7 
6.3 
5.5 
4.5 
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Environment 
I8R P8R Comb. 
P PlxP2 P2xPl Ave P PlxP2 P2xPl Avg P PlxP2 P2xPl Avg 
30.0 
31.9 
27.1 
32.2 29.9 31.1 30.5 
45.5 
27.8 
36.2 36.4 36.3 47.0 
49.2 
43.8 
48.9 48.0 48.5 
PD 
GCA 
PD 
GCA 
PD 
GCA 
PlxP2 P2xPl Avg PlxP2 P2xPl Avg PlxP2 P2xPl Avg 
7.7 
-9.8 
2.1 
-4.6 
-8.5 
13.1 
-7.4 
-2.4 
9.7 
-6.0 
-5.5 
11.4 
3.9 
0.7 
-4.6 
-3.1 -2.4 
-4.2 -3.6 
7.3 6.0 
-2.7 
-3.9 
6.7 
4.9 
-3.0 
-1.9 
-3.1 
-4.7 
7.8 
-3.7 . 
-3.4 
7.1 
-3.4 
-4.1 
7.5 
to 
to 
to 
to -2.5 
2.5 
4.3 
-4.3 
0.9 
-0.9 
-1.1 
1.1 
-2.2 2.9 
2.2 -2.9 
0.4 
-0.4 
1.3 
-1.3 
-1.4 
1.4 
3.8 
-3.8 
1.2 
-1.2 
7.6 
5.4 
4.4 
5.4 
4.4 
3.8 
3.1 
13.1 
9.2 9.2 
7.6 7.6 
6.5 
5.3 
6.1 
4.2 
3.5 
4.2 
3.5 
3.0 
2.5 
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different seed lots. Consistently positive parental deviations paired 
with negative GCA effects may have been another manifestation of this 
intravarietal variability. In contrast to IS 1054, the parental devi­
ations of IS 18576 (a derivative of 'IS 4646' x '23/2') were negative 
in all environments but I8R, and yet it had GCA effects that always 
were strongly positive. Matings with IS 18576 were partially male 
sterile, which suggested the presence of genetic or chromosomal in­
compatibilities. Such incompatibilities could have increased suscep­
tibility to shootfly also. The mean square for GCAp^  was significant 
in the D8R, I8R, and P8R environments and for the combined analyses 
(P = 0.05, 0.1, 0.05, and 0.05, respectively) despite the facts that 
reciprocal differences occurred and that the GCA effects for IS 1054 
and IS 18576 were opposite in signs from their parental deviations. 
GCAp2 and SCA effects were always non-significant and their variance 
component estimates usually negative (Appendix Tables A12-A15). 
Mean DH% of the hybrids was slightly greater than that of the 
parents in all environments except P8R, but the difference was signif­
icant only in D8R (Table 17 and Appendix Tables A12-A13). When mid-
parent values were used instead, the numerical differences changed 
slightly, but the general results did not change. The greater mean 
DH% for hybrids than for parents was due entirely to the susceptibility 
of hybrids involving IS 18576. 
The large mean square for (PI vs. P2) x environments was the 
primary cause for the significant interaction of parents with environ­
ments. However, hybrids did not interact significantly with 
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environments (Appendix Tables A12, A14). The variance component due 
to the data being binomially distributed contributed a major portion 
of the error variance in all environments (Appendix Tables A14-A15). 
Several items, e.g., little variation among parents, peculiar 
reactions of IS 1054 and IS 18576, and unpredictable reciprocal effects, 
caused the regressions of hybrids on midparent values and of progeny 
means on parents to be erratic (Tables 18, 19). 
Set 2A (without reciprocals) Tables 20-22 and Appendix Tables 
All and A16-A19 present the results of Set 2A (without reciprocals). 
There was only partial correspondence between parental deviations 
and their GCA effects for either the PI (seed parent) or the P2 group 
of parents (Table 20). Differences within the parental groups were 
generally small, with significance occurring only in the I8R environ­
ment (Appendix Tables A16, A17). Despite the similar DH% values of 
the parents, their effects in hybrids were significantly different in 
every environment for PI, and in the combined analysis and the I8R 
(P = 0.1) and P8R environments for P2. SCA effects were non-signifi­
cant in all environments (Appendix Tables A18, A19). Estimates of 
variance components further demonstrated that in this set SCA was of 
no importance, GCApj was important in every environment, and the GCApg 
was important in the I8R, and P8R environments and the combined 
analysis (Appendix Tables A18, A19). 
On average, hybrids were more susceptible than their parents in 
every environment, but the difference was significant only in the com­
bined analysis (P = 0.1) and the D8R (P = 0.05) environment. 
Table 18. Regression of hybrids on midparent values(MP) for DH% (as angles) for Experiment 
1—Set 2A (with reciprocals) 
Environ­
ment 
PI X P2 P2 X PI Average 
Var (MP) b r2 Var(Hyb) b r2 Var(Hyb) b r2 Var(Hyb) 
D8K 0.09 0.00 15.60 -2.13 0.39 37.13** -1.02 0.20 16.49* 3.22 
D8R -2.47* 0.59 48.29* 1.04 0.07 76.08 -0.72 0.06 41.54** 4.69 
I8R 0.54 0.05 115.15** 0.31 0.02 102.08** 0.43 0.04 85.09** 19.03** 
P8R -2.02 0.39 41.91 -2.45 0.55 43.35+ -2.24* 0.70 28.44* 4.01 
Comb. -1.05 0,11 40.76** -0.34 0.01 53.04** -0.69 0.06 36.02** 4.12 
Table 19. Regression of progeny means (PM) on parents for DH% (as angles) for Experiment 
1—Set 2A (with reciprocals) 
Environ­
ment 
PI X P2 P2 X PI Average 
Var (MP) b r2 Var(Hyb) b r2 Var(Hyb) b r2 Var(Hyb) 
PI 
D8K 0.04 0.00 6.01 -1.07 0.61 30.32** -0.51 0.33 12.95 16.10 
D8R -1.98 0.77 54.34** -0.93 0.19 49.15** -1.46 0.48 46.89+ 10.68 
I8R 0.48 0.14 133.21** -0.08 0.01 77.23** 0.20 0.03 98.07* 79.13** 
P8R -1.32 0.79 40.31* -1.08 0.77 27.74+ -1.20 0.78 33.73* 18.12 
Comb. -0.45 0.08 46.66** -0.60 0.17 38.24** -0.52 0.12 42.14* 18.18+ 
El 
D8K — — « w » » — — — — » mm — — — — — — 0.00 
D8R -0.61 1.00 6.44 1.73 1.00 51.01** 0.56 1.00 5.30 17.06 
I8R -0.76 1.00 12.47 1.31 1.00 36.90+ 0.27 1.00 1.62 21.38+ 
P8R 1.92 1.00 9.41 -2.55 1.00 16.61 -0.32 1.00 0.25 2.56 
Comb. -1.07 1.00 3.68 3.02 1.00 29.34** 0.97 1.00 3.06 3.22 
Table 20. Group means, parental deviations (PD) and GCA effects of DH% (as angles) for 
Experiment 1—Set 2A (without reciprocals) 
Environment 
•D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 70.7 71.3 51.0 55.6 28.0 30.7 38.1 40.6 47.0 49.5 
PI 69.5 53.7 31.5 43.7 49.6 
P2 72.0 48.4 24.6 32.5 44.4 
PD GCA PD GCA PD GCA PD GCA PD GCA 
PI 
IS 1054 2.8 -1.2 1.4 -3.1 8.1 -2.4 5.7 -1.8 4.5 -2.1 
IS 1082 -4.3 -2.4 -2.2 -4.8 -9.3 -8.6 2.5 -4.5 -3.3 -5.1 
IS 18576 -4.0 4.5 -5.2 9.9 2.6 12.1 -2.7 6.6 -2.3 8.3 
EN 3332-2 5.5 -0.9 6.0 -2.0 -1.5 -1.1 -5.5 -0.4 1.1 -1.1 
P2 
IS 5604 0.6 -0.2 2.2 -2.3 5.8 -1.9 5.7 -5.9 0.7 -2.6 
IS 2312 -5.6 -0.4 -1.3 -2.5 3.1 -2.6 2.5 -1.3 -1.2 -1.3 
IS 5622 0.6 -1.6 -3.6 1.2 -0.8 4.2 -2.7 0.3 -1.8 0.6 
IS 5642 4.4 2.2 2.7 3.6 -8.1 0.3 -5.5 6.9 2.3 3.2 
LSD (0.05) 8.8 4.4 11.6 5.8 11.1 5.5 13.5 6.7 8.6 2.9 
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Table 21. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 2A (without 
reciprocals) 
Environ­
ment b 
r2 Var(Hyb) Var(MP) 
D8K -0.08 0.00 18.07* 8.25* 
D8R -1.10 0.17 46.24** 6.47 
I8R 0.51 0.07 72.19** 18.04* 
P8R 0.62 0.12 48.18* 15.03 
Comb. -0.29 0.01 33.59** 3.22 
Table 22. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1--Set 2A (without reciprocals) 
b r^  yar(PM) Var(Par) 
PI 
D8K -0.21 0.12 9.45* 24.01 
D8R -0.81 0.34 45.20** 23.37 
I8R 0.58 0.24 76.00** 53.71* 
P8R -0.48 0.26 22.51* 25.70 
Comb. -0.34 0.04 33.47** 12.68 
P2 
D8K 0.20 0.28 2.49 17.25 
D8R 0.13 0.02 8.59 8.95 
I8R -0.22 0.20 9.26+ 36.51+ 
P8R 0.73* 0.94 27.94** 49.46+ 
Comb. 0.57 0.18 6.34** 3.43 
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The variance component for the interaction of parents with environ­
ments was significant (though not so for their hybrids) and ca. one-
third the size of the error variance (Appendix Tables A18, A19). 
The small coefficients of determination shown in Table 21 indicate 
that virtually ho relationship existed between the DH% of hybrids and 
their respective midparent values. For the regression of progeny 
means on PI parents, the coefficients of determination were small also, 
and there was a tendency for the negative relationship of the parental 
deviations and GCA effects for IS 1054 and of IS 18576 to result in 
negative regression coefficients. Only the P8R environment showed a 
significant regression of progeny means on P2 parents. 
Set 2B (with reciprocals) Results from the analyses of Set 
2B (with reciprocals) are shown in Tables 23-25 and Appendix Tables 
A20-A24. GCApj^  was associated with parental deviations for DH% when 
combined over all environments, but in the individual environments, 
the relationships of GCAp^  and GCApg to the parental deviations were 
not consistent. The sizable mean square for reciprocals in individual 
environments and the combined analysis (Appendix Tables A21-A24) caused 
large LSD's for parental combinations. GCA effects, which generally 
carried the same sign for the PI x P2 and P2 x PI groups of hybrids, 
tended to have greater magnitude in the latter group (Table 23). In 
every environment there was a large difference between the reciprocals 
of 'IS 18652' x IS 18584 (this mating was primarily responsible for 
reciprocal differences in GCA effects of both PI and P2 parents), 
which indicates that the differences were real (Appendix Table A20)• 
Table 23. Group means, parental deviations (PD) and GCA effects for 
DH% (as angles) for Experiment 1--Set 2B (with 
reciprocals) 
Environment 
D8K D8R 
Mean P PlxP2 P2xPl Avg P PlxP2 P2xPl Avg 
All parents 
Group PI 
Group P2 
65.4 
67.4 
63.5 
75.5 73.3 74.4 49.0 
53.5 
49.4 
64.5 60.7 62.6 
PD GCA PD GCA PlxP2 P2xPl Avg PlxP2 P2xPl Avg 
Group PI 
IS 18652 
IS 4829 
-7.7 
7.7 
0.4 
-0.4 
-0.3 
0.3 
0.0 
0.0 
5.0 
-5.0 
0.9 
-0.9 
-4.7 
4.7 
-1.9 
1.9 
Group P2 
IS 18584 
IS 3962 
1.0 
-1.0 
2.1 
-2.1 
-0.2 
0.2 
0.9 
-0.9 
1.9 
-1.9 
-1.3 
1.3 
-5.1 
5.1 
-3.2 
3.2 
LSD (0.05) 10.3 7.3 7.3 5.2 11.6 8.2 8.2 12.5 
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Environment 
18R P8R Comb. 
P PlxP2 P2xPl Avg P PlxP2 P2xPl Avg P PlxP2 P2xPl Avg 
30.2 
32.2 
28.2 
42.0 31.4 36.7 33.2 
43.0 
23.3 
55.4 48.2 51.8 44.4 
49.0 
39.9 
59.4 53.4 56.4 
PD 
GCA 
PD 
GCA 
PD 
GCA 
PlxP2 P2xPl Avg PlxP2 P2xPl Avg PlxP2 P2xPl Avg 
13.2 
13.2 
-3.8 
3.8 
-5.9 
5.9 
-4.8 
4.8 
-19.5 
19.5 
-0.4 
0.4 
-6.6 
6.6 
-3.5 
3.5 
-11.4 
11.4 
-0.7 
0.7 
-4.4 
4.4 
-2.6 
2.6 
4.6 
-4.6 
-0.1 
0.1 
-5.9 
5.9 
-3.0 
3.0 
-7.2 
7.2 
-3.4 
3.4 
-11.5 
11.5 
-7.5 
7.5 
0.1 
-0.1 
-0.7 
0.7 
-5.7 
5.7 
-3.2 
3.2 
10.3 7.3 7.3 18.7 12.0 8.5 8.5 27.1 13.0 6.5 6.5 14.8 
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Table 24. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 2B (with 
reciprocals) 
Environ­
ment 
b rZ Var(Hyb) Var(MP) 
PI X P2 
D8K -0.03 0.00 17.77 20.00* 
D8R -0.48 0.06 38.36+ 9.53 
I8R 0.50 0.27 60.51** 65.47** 
P8R 0.15 0.01 224.63** 144.32** 
Comb. 0.13 0.01 58.49** 43.01 
P2 X PI 
D8K 0.08 0.01 13.29 20.00* 
D8R 0.73 0.08 64.91* 9.53 
I8R 0.52 0.19 92.13** 65.47** 
P8R 0.97 0.56 242.92** 144.32** 
Comb. 0.74 0.34 68.72* 43.01* 
Average 
D8K 0.02 0.00 13.59 20.00* 
D8R 0.13 0.01 28.07 9.53 
I8R 0.51 0.32 53.42% 65.47** 
P8R 0.56 0.37 123.49* 144.32** 
Comb. 0.43 0.22 37.12* 43.01* 
S^ignificant at P = 0.01 when tested by MS 19, but not when 
tested by MS 12, both of Appendix Table A22. 
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Table 25. Regression of progeny means (PM) on parents for percentage 
DH (as angles) for Experiment 1—Set 2B (with reciprocals) 
Environ-  ^
b Var(PM) Var(Pl) b Var(PM) Var(P2) 
PI X P2 
D8K -0.05 0.30 118.08** 2.14 8.78 1.93 
D8R • -0.18 1.57 49.73+ -0.65 3.19 7.46 
I8R 0.29 28.59* 350.33** -0.03 0.04 42.51 
P8R 0.02 0.37 762.70** 0.48 23.47 103.20 
Comb. 0.06 1.08 258.03** 0.93 0.01 
P2 X PI 
D8K 0.04 0.22 118.08** -0.20 0.08 1.93 
D8R 0.85 36.06* 49.73+ -2.89 61.30** 7.46 
I8R 0.44 68.99** 350.33** -1.28 69.21** 42.51+ 
P8R 0.34 86.18** 762.70** 1.60 264.84** 103.20 
Comb. 0.37 36.20* 258.03** 64.84 0.01 
Average 
D8K 0.00 0.00 118.08** 0.96 1.80 1.93 
D8R 0.34 5.64 49.73+ -1.76 23.13 11.19 
I8R 0.36 46.60 350.33** -0.65 18.13 42.51+ 
P8R 0.18 24.45 762.70** 1.04 111.50 103.20* 
Comb. 0.22 12.44 258.03** — — 20.80 0.01 
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With reciprocal crosses of 'EN 3362-1' x IS 18584 (not included in this 
analysis) the hybrid was more resistant when IS 18584 was used as the 
seed parent than as the pollen parent. As further evidence of the 
genetic irregularity of IS 18584, the appearance of the reciprocal 
FjS of IS 18652 X IS 18584 resembled their respective seed parents 
(though traits of the other parent were also evident) and the hybrid 
of IS 18652 X IS 18584 was much more susceptible than either parent 
(Appendix Table A20). These parents are both derivatives of crosses 
of Indian lines x 23/2 (a West African population), so possibly, the 
nuclear genome of their cross may be incompatible with the IS 1054 
cytoplasm. The progeny of IS 18652 x 'IS 3962' was significantly more 
susceptible than either parent, regardless of the direction in which 
the cross was made. In Set 2A, hybrids of matings with IS 18576 
(derived from IS 4646 x 23/2) were more susceptible than their parents. 
Any explanation of the peculiar behavior of the derivatives of Indian 
lines X 23/2 would require further investigation. 
In light of large reciprocal differences in most matings, the vari­
ation among parental combinations (reciprocals averaged) was not sig­
nificant in any environment (Appendix Table A22). Variance component 
estimates for parental combinations from both individual environments 
and the combined analyses were numerically greater than the variation 
due to reciprocal differences, but none was significant because only 
four degrees of freedom were available for the significance test. 
SCA effects were significant in the D8K environment only, although the 
FxM mean square was large in the combined analysis also. Statistical 
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evidence shows the possible importance of GCApj in the I8R and GCApg 
in the P8R environments (Appendix Tables A23, A24). 
•IS 4829' X IS 3962 was another mating for which the hybrid was 
much more susceptible than either parent. These three instances where 
the hybrids had significantly larger DH% than did either parent (i.e., 
IS 18652 X IS 18584, IS 18652 x IS 3962, and IS 4829 x IS 3962), 
caused the mean DH% for hybrids to be greater than that for parents 
in every environment. Hybrids with PI seed parents were less resistant 
than those with P2 seed parents, but this difference was not signif­
icant. 
Interactions of both parents and hybrids with environments were 
significant and the variance components for parent x environment and 
hybrid x environment interactions were ca. equal to and half the size, 
respectively, of the error variance (Appendix Tables A21-A23). The 
binomial distribution of the data accounted for 70% of the error vari­
ance in the combined analysis and for 56% to 79% in the individual 
environments. 
No regression for hybrids on midparent values was significant, 
which might be expected given the few degrees of freedom and the apparent 
genetic complexity of the matings in this set. Even so, some coeffi­
cients of determination were large enough to suggest that the resist­
ance of parents was transmitted to their hybrids (Table 24). Regres­
sion coefficients for progeny on parent means were erratic, with 
several values being greater than one or negative. No test of signif­
icance was available for these regressions because they were calculated 
98 
from only two values each for the independent and dependent variables. 
Set 2B (without reciprocals) Results from Set 2B (without 
reciprocals), presented in Tables 26-28 and Appendix Tables A20 and 
A25-A28, reveal that GCA effects in this set tended to be related 
(though not proportionately) to the corresponding parental deviations, 
even though the relationship varied considerably among environments 
(Table 26). IS 18652 was markedly more resistant than the other PI 
parents, but its resistance was not effectively transmitted to hybrids. 
Contrastingly, EN 3362-1 produced hybrids that were only slightly more 
susceptible than the overall hybrid means, despite its being the most 
susceptible PI parent. Differences in resistance between IS 3962 and 
•IS 5470' were accentuated in their hybrids (Table 26). GCA variance 
components were all non-significant, but large enough in some environ­
ments to suggest they might have been important. Several hybrids were 
considerably more susceptible than expected from the resistance of 
their parents (Appendix Table A20), but no one hybrid was responsible 
for the large SCA mean squares and variance component estimates 
(Appendix Tables A25-A28). 
Differences between the mean DH% for hybrids and for parents were 
highly significant in all environments, and the differences were more 
pronounced when midparent values were used in place of parental means. 
Variance components for the interaction of both parents and hybrids 
with environments were significant, and they were about 65% as large 
as the error variance. More than 70% of the error variance in each 
environment and in the combined analysis was contributed by the binomial 
Table 26. Group means, parental deviations (PD) and GCA effects for DH% (as angles) for 
Experiment 1—Set 2B (without reciprocals) 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 66.6 73.4 . 52,2 61.4 34.2 38.9 37.4 50.3 47.6 56.0 
PI 71.3 58.0 43.1 47.5 54.4 
P2 60.3 44.4 25.1 24.0 38.5 
PD GCA PD GCA PD GCA PD GCA PD GCA 
PI 
IS 18652 -11.6 -1.6 -9.4 -1.0 -22.1 -7.4 -24.0 -1.1 -16.8 -2.8 
IS 18654 1.3 -1.2 2.6 -1.0 8.1 0.4 -3.7 -7.8 2.1 -2.4 
EN 3362-1 6.5 1.2 6.3 0.0 9.7 0.2 12.6 3.6 8.8 1.3 
IS 4829 3.8 1.6 0.5 2.0 4.3 6.7 15.1 5.2 5.9 3.9 
P2 
IS 18584 4.2 0.8 1.9 0.7 7.8 2.2 -7.9 -2.8 1.5 0.2 
IS 3962 2.2 0.8 -2.0 4.9 -1.5 4.6 6.4 11.1 1.3 5.4 
IS 5470 -6.4 -1.6 0.1 -5.6 . -6.3 -6.9 1.5 -8.3 -2.8 -5.6 
LSD (0.05) 
Parents 10.3 10.3 9.7 9.0 8.9 
GCA (PI) 5.9 6.0 5.6 5.2 5.1 
GCA (P2) 5.1 5.2 4.8 4.5 4.5 
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Table 27. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 2B (without 
reciprocals) 
Env. b r2 Var(Hyb) Var(MP) 
D8K 0.37 0.13 20.70 18.97** 
D8R -0.06 0.00 48.19** 9.87 
I8R 0.67+ 0.31 80.53** 54.88** 
P8R 0.51 0.11 185.48** 76.03** 
Comb. 0.51 0.13 56.25** . 28.20** 
Table 28. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 2B (without reciprocals) 
Env. b r2 Var(PM) Var(Par) 
Females 
D8K 0.16 0.62 2.71 64.36** 
D8R 0.06 0.07 1.96 44.90* 
I8R 0.30 0.59 33.59* 222.80** 
P8R 0.18 0.32 34.05a 324.42** 
Comb. 0.19 0.48 10.04b 132.63** 
Males 
D8K 0.24 0.95 1.95 31.93+ 
D8R -1.19 0.19 27.56 5.61 
I8R 0.53 0.39 36.70 51.19* 
P8R 0.77 0.31 100.46 324.42** 
Comb. 1.96 0.75 30.03 5.86 
S^ignificant at P = 0.05 when tested against MS 12 (Appendix 
Table A26) but not when tested against MS 10. 
S^ignificant at P =0.01 when tested against MS 13 (Appendix 
Table A26) but not when tested against MS 11. 
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nature of the data (Appendix Tables A27, A28). 
The regression of hybrids on midparent values was significant 
(10% level) for the I8R but not for any other single environment, or 
for the combined analysis. Regressions of progeny means on parents 
were nonsignificant. 
Set 3A Results from Set 3A are presented in Tables 29-31 and 
Appendix Tables A29-A33. The most resistant female and male parents 
produced the most resistant progenies. 'V-2-1-1-1', the most suscep­
tible of the two female parents, produced hybrids that were more 
resistant than those of 'IS 4799', whereas the progeny of the male 
parent BP 53 were consistently, less susceptible than those of 'IS 
18641', which reflects the lower susceptibility of BP 53 itself. 
Parental and GCA rankings were consistent across environments. SCA 
effects, though not apparent in the analyses of individual environ­
ments, were revealed in the combined analysis. Despite the significant 
SCA mean square, female and male parental effects in the hybrids were 
significant in the combined analysis at the 5% and 1% level, respec­
tively. There was a highly significant effect for female parents in 
their hybrids in every environment and for male parents in their 
hybrids in the D8K and I8R environments. Estimates of the GCAp and GCA^  
variance component were five and two times as large as the SCA com­
ponent in the combined analysis, and larger than the SCA component in 
four and two of the individual environments, respectively. 
Hybrids appeared to be slightly more susceptible than their parents 
in all environments, but this difference was significant only in the 
Table 29. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3A 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 72.1 73.5 60.1 61.7 43.8 44.8 38.7 43.3 53.7 55.8 
F 70.4 60.5 46.7 41.1 54.7 
M 73.7 59.6 41.0 36.3 52.7 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 1034 -7.6 -7.6 -8.2 -5.8 -16.9 -11.5 -20.5 -6.2 -13.3 -7.8 
IS 4799 0.4 5.1 0.8 4.7 3.4 5.2 3.8 4.0 2.1 4.8 
V-2-1-1-1 7.2 2.5 7.4 1.1 13.6 6.3 16.7 2.3 11.2 3.1 
Males 
IS 2162 -6.1 -2.3 -11.7 -5.8 -14.2 -7.4 -8.4 -3.2 -10.1 -4.7 
IS 18641 1.4 3.4 5.8 5.7 12.9 6.2 2.9 2.3 5.7 4.4 
BP 53 4.7 -1.1 5.9 0.1 1.3 1.3 5.5 0.9 4.3 0.3 
LSD (0.05) 9.7 5.6 9.9 5.7 9.7 5.6 13.7 7.9 5.8 8.0 
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Table 30. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1--Set 3A 
Env. b i r2 Var(Hyb) ; Var(MP) 
D8K 1.07* . 0.38 48.13** 16.00* 
D8R 0.98** 0.52 57.01** 30.70** 
I8R 1.14** 0.86 121.10** 79.73** 
P8R 0.53** 0.69 31.72 77.05** 
Comb. 0.96** 0.71 56.32** 43.19** 
Table 31. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 3A \ 
Env. b r? Var(PM) Var(Par) 
Females \ 
D8K 0.71 0.62 44.81** 55.03* 
D8R 0.49 0.50 28.69** 61.11* 
I8R 0.62 0.93 99.54** 240.94** 
P8R 0.25 0.77 29.90* 356.01** 
Comb. 0.48 0.77 46.19** - 153.48*% 
Males 
D8K 0.22 0.17 8.88 30.33+ 
D8R 0.49 0.76 32.86** 102.61** 
I8R 0.51* 0.99 47.59** 184.27** 
P8R 0.35 0.83 8.21 54.92 
Comb. 0.48 0.86 20.63+ 78.86** 
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combined analysis (P = 0.05) and the P8R environment (P = 0.1). The 
DH% of progeny of IS 4799 were particularly larger than those of 
their respective midparent values. 
There was no entry x environment interaction of consequence for 
the hybrids, and that for parents was small, but significant at the 
10% level (Appendix Tables A30, A32). Approximately 75% of the error 
variance in the combined analysis, and over 60% in each individual 
environment was accounted for by the variance expected from the binomial 
nature of the data (Appendix Tables 31, 32). 
Regression values for DH% of hybrids upon midparent values were 
significant in every environment (Table 30), and the regression for the 
combined environments was 0.96. This value indicates that parental 
DH% values were transmitted to their hybrids to a high degree, and the 
2 
r = 0.71 shows most of the variance among hybrids was attributable to 
their midparent values. 
Regressions for progeny means on their parents were non-signif-
icant in all instances except the I8R environment. However, the large 
coefficients of determination (all except one were greater than 0.5) 
and regression coefficients near the theoretical value of 0.5 with 
completely additive genetic effects argue that the inheritance of DH% 
in this set was predominantly additive in nature. 
Set 3B Results from Set 3B are shown in Tables 32-34 and 
Appendix Tables A34-A38. GCAp effects closely paralleled the corre­
sponding parental deviations in all environments, but the relationship 
of GCA^  and parental deviations varied across environments (Table 32). 
Table 32. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3B 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 71.2 72.1 61.8 61.5 42.0 42.3 41.5 39.4 54.1 53.8 
F 70.0 54.6 39.9 38.7 50.8 
M 71.8 65.4 43.0 42.8 55.8 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 18630 1.4 2.2 12.8 3.1 12.4 8.8 21.5 11.3 12.0 6.4 
IS 2205 -1.4 -2.2 -12.8 -3.1 -12.4 —8.8 -21.6 -11.3 -12.0 -6.4 
Males 
IS 18635 -4.2 -2.2 1.4 -3.8 -1.6 -2.6 -0.7 -1.7 -1.3 -2.6 
IS 18648 4.6 4.3 6.7 2.8 4.2 0.4 11.8 2.3 6.8 2.5 
IS 18649 2.7 -1.8 -3.4 2.4 5.5 2.9 -1.1 -2.8 0.9 0.2 
E 303 -3.1 -0.2 -4.7 -1.4 -8.1 -0.7 -10.0 2.2 -6.5 0.0 
LSD (0.05) 
Parents 9.1 11.2 11.5 14.2 9.5 
GCA (F) 4.6 5.6 5.7 7.1 14.1 
GCA (M) 6.5 7.9 8.1 10.1 3.5 
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Table 33. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 3B 
Env. b r2 Var(Hyb) Var(MP) 
D8K 1.16 0.35 17.79+ 4.56 
D8R 0.46* 0.49 22.66 52.33* 
I8R 1.28** 0.85 100.05** 52.04* 
P8R 0.94** 0.85 156.85** 149.93** 
Comb. 0.97** 0.90 50.54** 47.78** 
Table 34. Regression of progeny means (PM) on parents for DH% (as 
angles) of Experiment 1—Set 3B 
Env. b r^  Var(PM) Var(Par) 
Females 
D8K 1.59 1.00 9.69* 3.82 
D8R 0.24 1.00 18.74* 326.02** 
I8R 0.71 1.00 156.43** 306.04** 
P8R 0.52 1.00 255.56** 928.80** 
Comb. 0.53 1.00 80.71+ 288.84+ 
Males 
D8K 0.44 0.41 8.98 18.75 
D8R 0.15 0.06 10.10 26.85 
I8R 0.24 0.41 5.34 38.84+ 
P8R 0.04 0.02 6.90 80.47* 
Comb. 0.22 0.36 4.26 30.43** 
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In each environment the effect of females in hybrid combination was sig­
nificant at P = 0.05 or 0.01, but it was significant only at P = 0.01 in 
the combined analysis, probably because of its large interaction with 
environments. There were no changes of rank between the two parents, 
so this interaction was due entirely to changes in the magnitude of 
difference between their progeny means. The effect of males in hybrid 
combination was not significant in any individual environment, but it 
was significant at P = 0.1 in the combined analysis. Mean squares 
due to specific female x male combinations were not significant in any 
environments (Appendix Tables A30, A31). In individual environments 
and in the combined analysis, the variance among hybrids was due, in 
large part, to the GCAp component. Only slight and non-significant 
differences occurred between hybrids and either means of the parents 
or midparent values (Appendix Tables A37, A38). 
Mean squares for the interactions of parents or hybrids with 
environments was due almost entirely to the interaction of female 
parents either per se or in hybrid combination. This interaction re­
sulted from changes in the difference between IS 18630 and 'IS 2205', 
with the smallest difference occurring when shootfly attack was heav­
iest and the difference becoming greater as the insect incidence 
diminished. The artifact due to the binomial distribution of the data 
accounted for more than half of the error variance in each environment 
and in the combined analysis (Appendix Tables A37, A38). 
Regression coefficients near unity in three environments and the 
combined analysis and the large coefficients of determination in the 
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I8R and P8R environments and in the combined analysis (Table 33) show 
that the DH% of the hybrids were closely related to the midparent values 
for this trait. The variation among male parents was small, so, as ex­
pected, the regression of progeny means on males did not demonstrate 
a strong relationship (Table 34). The regressions of progeny on female 
parents fluctuated around 0.5 for the individual environments and was 
0.53 for the combined analysis, which suggests that the hybrids 
strongly reflected the resistance levels of the female parents and that 
much of the variation among hybrids could be attributed to additive 
gene action. 
Set 3C Results of Set 3C, presented in Tables 35-37 and 
Appendix Tables A39-A43, show that the GCA effects in this set closely 
paralleled the deviations of the parents from their group means. 
•IS 18582' (derivative of 'IS 5383' x '453'), 'IS 4553', and 'IS 5648' 
all had good resistance per se and in hybrid combination (Table 35). 
Differences among female parents were significant at the 1% level in 
the D8R, I8R, and P8R environments and in the combined analysis. 
Differences among females in hybrid combination were significant at 
the 5% or 1% level in all analyses except I8R (Appendix Tables A40, 
A41). Significant differences were present among male parents in the 
I8R and P8R environments and the combined analysis, whereas progeny 
means of male parents differed significantly only in the D8R (P = 0.01) 
and I8R (P = 0.1) environments. Estimates of variance components 
indicated that GCAp effects in this set were dominant. 
In all environments except D8R, the DH% of the parents was slightly 
Table 35. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3C 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 73.7 76.3 60.8 57.9 38.9 39.6 38.3 43.7 52.9 54.4 
F 76.0 65.8 42.4 42.4 56.6 
M 71.5 55.8 35.4 34.2 49.2 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 18629 0.2 -0.9 -0.6 2.1 -6.4 -1.0 -3.9 -2.4 -2.7 -0.5 
IS 18582 —3.3 -1.0 -9.9 -8.1 -8.1 -8.6 -15.8 -7.6 -9.3 —6.3 
IS 4002 3.1 1.8 10.5 6.0 14.5 9.5 19.7 10.0 11.9 6.8 
Males 
IS 4553 1.6 -0.7 -2.2 3.3 -7.4 -4.3 -2.6 -0.8 -2.6 -0.6 
IS 5648 -5.2 -0.9 -0.4 -5.1 -15.3 -6.8 -10.4 0.9 -7.8 -3.0 
IS 18651 3.6 1.6 2.6 1.8 22.7 11.1 12.9 0.0 10.4 3.6 
LSD (0.05) 9.5 5.5 8.1 4.7 10.6 6.1 17.3 10.0 9.1 5.3 
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Table 36. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 3C 
Env. b r2 Var(Hyb) Var(MP) 
D8K 0.57 0.32 6.00 5.88 
D8R 1.29* 0.57 59.43** 62.51** 
I8R 1.07** 0.79 153.41** 104.78** 
P8R 0.68* 0.61 66.90 87.87** 
Comb. 0.99** 0.86 43.96** 36.69** 
Table 37. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 3C 
Env. b r2 Var(Hyb) Var(Par) 
Females 
D8K 0.43 0.73 2.52 10.15 
U8R 0.68 0.91 53.07** 103.89** 
I8R 0.68 0.88 83.37+ 157.40** 
P8R 0.50* 1.00 81.05** 327.93** 
Comb. 0.60+ 0.98 43.24** 117.83** 
Males 
D8K 0.22 0.51 1.97 21.22 
D8R -0.03 0.00 20.17** 5.70 
I8R 0.48* 1.00 93.75+ 401.41** 
P8R -0.03 0.14 0.75 140.68** 
Comb. 0.35* 0.99 11.20 88.51** 
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less than that of the hybrids, but the P vs H contrast was significant 
in the D8R and P8R environments only (P = 0.1). However, the direction 
of difference was opposite in these two environments. 
All interactions of female parents, male parents, and their hybrids 
with environments were highly significant, and the interaction variance 
component was half the size of the error variance (Appendix Table 42). 
The expected variance of the binomial distribution of data accounted for 
67% of the error variance in the combined analysis and 41-100% in the 
individual environments. 
Hybrids in all environments reflected the resistance level of their 
midparent fairly closely as evidenced by the regression coefficient of 
0.99 with r^  = 0.86 in the combined analysis (Table 36). The regressions 
were significant for males in the I8R environment and combined analysis 
and for females in the P8R environment, and at the 10% level for females 
in the combined analysis (Table 37). All regression coefficients for 
females were near 0.5 and had large coefficients of determination, which 
suggests that much of the genetic variance was additive in nature. 
Further evidence for additive gene action is the significant regression 
coefficient for progeny means on males in the I8R environment and the 
combined analysis. 
Set 3D The results from Set 3D, which are summarized in Tables 
38-40 and Appendix Tables A44-A48, show a general correspondence of 
GCA effects with parental deviations, especially for 'IS 18628' (a 
derivative of IS 1054 x 'WABC 4142') and for IS 4646, the most resist­
ant parent in the set (Table 38, Appendix Table A44). GCA effects for 
Table 38, Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3D 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 
F 
M 
74.5 
75.2 
73.7 
75.6 60.7 
64.8 
56.7 
61.3 50.5 
54.6 
46.4 
49.2 42,7 
49,7 
35.7 
43.2 57.1 
61.1 
53.2 
57.3 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 18628 
IS 4036 
V-70-1-1-1 
-5.2 
0.1 
5.2 
-3.1 
2.2 
0.9 
-0.5 
1.1 
-0.6 
-1.5 
3.9 
-2.4 
-3,5 
-1.6 
5.1 
0.0 
1.6 
-1.6 
-15,9 
10.2 
5.7 
-4.9 
-2,2 
7,0 
—6.3 
2,4 
3.8 
-2.4 
1.4 
1,0 
Males 
IS 4646 
IS 9317 
157-P-3-1-1 
-4.7 
1.0 
3.7 
-3.7 
1.2 
2.5 
-16.5 
3,6 
12,9 
-1.5 
-3.7 
5.2 
-22.0 
11.1 
10.9 
—6.9 
0.6 
6.3 
-23.9 
12.7 
11.2 
-9,4 
1,9 
7,6 
-16.7 
7.1 
9.7 
-5,4 
0.0 
5.4 
LSD (0.05) 7.5 4.4 11.5 6.6 8.7 5,0 10.3 5.9 10.6 5.3 
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Table 39. Regression of individual hybrids on raidparent values (MP) 
for DH% (as angles) for Experiment 1—Set 3D 
Env. b r2 Var(Hyb) Var(MP) 
D8K 1.08+ 0.44 22.89** 8.49 
D8R 0.38 0.15 41.74* 42.43** 
I8R 0.57* 0.59 38.65** 71.75** 
P8R 0.69+ 0.42 132.20** 116.62** 
Comb. 0.68** 0.72 29.29* 45.39** 
Table 40. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 3D 
Env. b r2 Var(PM) Var(Par) 
Female 
D8K 0.39 0.55 7.57 27.09* 
D8R 3.57* 1.00 11.68 0.92 
I8R -0.27 0.53 2.65 20.11 
P8R 0.24 0.28 38.85% 194.61** 
Comb. 0.37 0.95 4.24 29.85 
Males 
D8K 0.77+ 0.98 10.92 18.19+ 
D8R 0.18 0.33 21.40b 225.39** 
I8R 0.31 0.80 43.84** 362.95** 
P8R 0.39 0.87 74.98* 427.39** 
Comb. 0.34 0.82 29.15** 212.09** 
'^Significant at P = 0.01 and 0.05, respectively, when tested 
against MS 12 of Table A46 but not when tested against MS 10 of the 
same table. 
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males were highly significant in the I8R environment and the combined 
analysis. In the other three environments, the mean squares for both 
GCAp and GCA^  were considerably larger than the error mean squares, 
but not significant when tested against the SCA mean square. SCA 
effects were significant in three environments but not in the combined 
analysis (Appendix Tables A45, A46). The GCA^  component of variance 
contributed nearly all the variation among hybrids in the combined 
analysis and the I8R environment, but SCA was the major contributor 
to variation among hybrids in the other three environments (Appendix 
Tables A45, A46). 
The means of the DH% for hybrids and for parents were nearly 
identical in all environments. 
Male and female parents and SCA effects interacted significantly 
with environments. The interaction variance components were about 
equal to or (in the case of male parents) greater than the correspond­
ing error variance components. Error variance was composed almost 
entirely of the variance due to binomially distributed data (Appendix 
Tables A47, A48). 
Regressions of DH% of hybrids on midparent values were significant 
in the D8K, I8R and P8R environments, and in the combined analysis 
(P = 0.1, 0.05, 0.1 and 0.01, respectively. Table 39). The progeny 
mean regression on female parents was 3.57 for the D8R environment, 
but this value probably was meaningless in view of the non-significant 
variation among female parents and among their progeny means. In the 
combined analysis, the regression coefficient of 0.37 was 
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non-significant, but the coefficient of determination equal to 0.95 
argues that the resistance levels of female parents and their progeny 
to shootfly were related. A similar relationship is suggested by the 
regression of progeny means on males and the relatively high coeff­
icients of determination (Table 40). The regressions of hybrids on 
the midparent values and on parent means suggest that the resistance 
level of the hybrids was determined largely by the parents. 
Set 3E Results from Set 3E are presented in Tables 41-43 and 
Appendix Tables A49-A53. There was some variation in ranking for DH% 
of male parents and their progeny across environments, but generally 
the shootfly resistance levels of the offspring corresponded to those 
of the male parents. A similar relationship was not found for progeny 
and female parents. Among the female parents, 'IS 18640' (derivative 
of IS 5604 X 'WABC 3111') did transmit its resistance to hybrids. This 
parent, with a spindly stalk and a weedy-type panicle, was agronomically 
poor, and its hybrids grew poorly, and this generally poor vigor may 
have overshadowed inherent shootfly resistance (Table 41 and Appendix 
Table A49). In contrast, 'V-99-1-1-1' and its hybrids grew vigorously, 
and this vigor seemed to result in somewhat reduced shootfly damage. 
Male parents differed significantly for DH% in the I8R and P8R environ­
ments and in the combined analysis, but in hybrid combination their 
variation was significant only in the combined analysis (Appendix 
Tables A50, ASl). The interaction of females x males was not signif­
icant in any environment. 
No consistent difference emerged between the mean DH% of the 
Table 41. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3E 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 75.8 74.5 65.9 66.6 46.2 49.2 54.1 52.8 60.5 60.8 
F 74.9 72.0 50.0 52.7 62.4 
M 76.2 62.8 44.3 54.7 59.5 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 18640 1.8 0.0 -4.8 -0.3 -4.5 -0.1 -12.1 -0.3 -4.9 0.0 
V-99-1-1-1 -1.8 0.0 4.8 0.3 4.5 0.1 12.1 0.3 4.9 0.0 
Males 
IS 4664 -0.4 -2.3 3.5 -2.6 7.4 -0.5 6.1 3.9 4.1 -0.4 
EN 3308 1.1 2.2 -2.8 0.8 -9.4 0.1 -11.9 -7.6 -5.8 -1.1 
EN 3255 -4.6 -1.7 -6.2 -2.9 -14.9 -2.3 -7.4 -1.4 -8.3 -2.1 
211-P-1-2-1 3.9 1.8 5.5 4.6 16.9 2.7 13.3 5.2 9.9 3.6 
LSD (0.05) 
Parents 8.9 9.8 7.9 19.4 9.8 
GCA (F) 4.5 4.9 4.0 9.7 2.7 
GCA (M) 6.3 6.9 5.6 13.7 3.8 
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Table 42. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 3E 
Env. b r2 Var(Hyb) Var(MP) 
D8K 0.70 0.28 6.39 3.64 
D8R 0.28 0.08 13.24 12.96+ 
I8R 0.21 0.27 8.90 52.64** 
P8R 0.41 0.34 35.93 71.39+ 
Comb. 0.37* 0.51 6.01 22.43** 
Table 43. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 3E 
Env. b r2 Var(PM) Var(Par) 
Females 
D8K -0.02 1.00 0.00 6.63 
D8R -0.07 1.00 0.22 46.35+ 
I8R 0.02 1.00 0.01 41.22 
P8R 0.02 1.00 0.13 294.31* 
Comb. 0.00 1.00 0.00 48.33* 
Males 
D8K 0.48 0.53 5.45 12.54 
D8R 0.36 0.31 12.07 29.61+ 
I8R 0.12 0.69 4.35 218.16 
P8R 0.47* 0.90 34.21 136.94* 
Comb. 0.26+ 0.83 6.15* 72.46** 
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parents and that of the hybrids in this set. Hybrids were slightly 
more susceptible (P = 0.1) than the mean of their parents in the I8R 
environment, but this difference disappeared when the midparent mean 
was substituted for the parental mean (Table 41). 
The interaction of hybrids with environments was not significant, 
whereas that of their parents per se was (Table 41 and Appendix Tables 
A50 and A52). The variance component for the entry x environment inter­
action was small compared to the corresponding error term, but the 
parent x environment component was half the size of the error vari­
ance for parents (Appendix Tables A52, A53). Variance expected from 
the binomial nature of the data accounted for more than two-thirds of 
the error variance in most environments. 
No regression for hybrid on midparent value in an individual 
environment was significant, probably because hybrids did not differ. 
The regression coefficient of 0.37 for the combined analysis was 
significant, however (Table 42). Progeny means for the female parents 
were so similar in all environments that no meaningful regression could 
be calculated. The regression of progeny means on male parents was 
significant at the 5% level for the P8R environment and at the 10% 
level for combined analysis (Table 43). Some relationship apparently 
existed between the resistance of the parents to shootfly and that of 
the hybrids, but in this set that relationship was weak. 
Set 5F For Set 3F the results, which are presented in Tables 
44-46 and Appendix Tables A54-A58, showed that parents with deviations 
from their group mean that were substantially positive or negative also 
Table 44. Group means, parental deviations (PD), and GCA effects for DH% (as angles) for 
Experiment 1—Set 3F 
Environment 
D8K D8R I8R P8R Comb. 
Means P H P H P H P H P H 
All parents 
F 
M 
74.7 
74.8 
74.7 
74.6 53.5 
54.7 
52.3 
56.7 31.8 
32.7 
31.0 
30.9 27.8 
30.0 
25.6 
30.0 47.0 
48.0 
45.9 
48.1 
PD GCA PD GCA PD GCA PD GCA PD GCA 
Females 
IS 5613 
IS 18585 
3-P-5-1-1 
-5.6 
-2.9 
8.4 
-2.1 
-0.1 
2.2 
-7.5 
-13.4 
20.9 
-0.7 
-7.0 
7.7 
-6.1 
-13.3 
10.4 
-8.9 
-3.0 
12.0 
-13.5 
-11.3 
24.9 
-10.9 
-4.3 
15.2 
-8.2 
-10.2 
18,4 
-5.7 
-3.6 
9.3 
Males 
IS 4776 
EN 3332-2 
EN 3257-4 
-4.8 
4.5 
0.3 
-3.0 
0.1 
2.8 
-7.6 
3.2 
4.5 
1.1 
-4.2 
3.1 
-2.3 
-1.9 
4.2 
-2.9 
-2.5 
5.4 
-9.3 
-2.0 
11.3 
-1.9 
-3.4 
5.3 
-6.0 
0.9 
5.1 
-1.6 
-2.5 
4.2 
LSD (0.05) 11.1 6.4 9.9 5.7 14.3 4.2 10.4 6.0 7.9 4.6 
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Table 45. Regression of individual hybrids on midparent values (MP) 
for DH% (as angles) for Experiment 1—Set 3F 
Env. b r2 Var(Hyb) Var(MP) 
D8K 0.60 0.20 26.17 14.40 
D8R 0.66* 0.53 59.19** 71.11** 
I8R 1.17* 0.61 130.36** 57.90** 
P8R 1.15** 0.79 179.84** 107.69** 
Comb. 0.99** 0.72 72.37** 53.65** 
Table 46. Regression of progeny means (PM) on parents for DH% (as 
angles) for Experiment 1—Set 3F 
Env. b r^  Var(PM) Var(Par) 
Females 
D8K 0.28 0.92 4.61 55.08* 
D8R 0.39 0.92 54.09** 335.25** 
I8R 0.55 0.78 115.93+ 295.23** 
P8R 0.62 0.96 184.36* 465.28** 
Comb. 0.50 0.96 65.40 254.77** 
Males 
D8K 0.36 0.34 8.37 21.73 
D8R -0.09 0.02 14.23* 43.98* 
I8R 1.27** 1.00 21.89 13.57 
P8R 0.39 0.75 21.57 109.07** 
Comb. 0.46 0.50 13.11 31.37* 
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generally had GCA effects of the same sign (Table 44). Averaged across 
environments, 'IS 5613', 'IS 18585' (supposedly a derivative of IS 5604 
X 453, but apparently a self of IS 5604), and IS 4776 all were signif­
icantly more resistant than the IS 1054 check, and their resistance 
usually was transmitted to their hybrids. However, IS 18585 x IS 4776 
was significantly more susceptible than either parent (Appendix Table 
A54). SCA effects were significant in the DSK, P8R, and I8R environ­
ments and in the combined analysis at the 10%, 5%, 1%, and 1% level, 
respectively. Among females, GCA effects differed significantly in 
the D8R, I8R, and P8R environments and in the combined analysis 
(P = 0.01, 0.1, 0.05, and 0.1 respectively), but males varied signif­
icantly only in the D8R environment (Appendix Table A57). GCAp was 
the largest contributor to the variance among hybrids in all environ­
ments except D8K; SCA contributions dominated or were sizable in all 
environments except D8R (Appendix Tables A57, A58). 
Little variation in mean DH% was found between the parents and 
hybrids in any environment, and the direction of these differences 
was not consistent (Table 44). 
Interactions of entries with environments were generally small 
except for those of female parents and their hybrids (Appendix Table 
A55) which were highly significant. Estimates of components of variance 
for interactions with environments were about three-fourths the size 
of the associated error variances (Appendix Table A57). The expected 
variance resulting from the binomial distribution of the data accounted 
for more than 75% of the error variance in the combined analysis and 
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approximately 50% in the individual environments (Appendix Tables A57, 
A58). 
Regression coefficients for DH% of hybrids on midparents were 
significant in the combined analysis and in all environments except 
D8R (Table 45), indicating a strong relationship between the shootfly 
resistance ratings of parents and offspring. Regressions of progeny 
means on females were not significant in any environment, but they were 
near 0.5 and the coefficients of determination were high (usually above 
0.9), which argues that the resistance of the female parent was trans­
mitted to its hybrids (Table 46). The regression of DH% of progeny 
means on male parents and coefficients of determination suggested a 
relationship between the resistance values of the male parent and that 
of its hybrids. Overall, it appears that even though specific hybrids 
in this set sometimes differed from the resistance level predicted 
from their parents, parental resistance was reflected in the offspring. 
Summary and discussion of results of Experiment 
Estimates of GCA and SCA Before an analysis of variance and the 
components from it can be interpreted, it must be decided whether Model 
I or Model II is appropriate (Eisenhart, 1947). Model I considers all 
factors "fixed" so that the individuals or factor levels included in the 
experiment are not necessarily representative of any real or hypothetical 
population broader than those specific levels. The individual levels of 
each factor are of primary interest, and the conclusions drawn from the 
experiment should not be generalized to a larger population. Use of Model 
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II, however, by assuming that the levels of ail factors included in the 
experiment provide a random sample from some larger population, focuses 
on the characteristics of the population and considers the individuals 
included only as representatives of that population. 
The sorghum lines included in my study were considered random 
(Model II) for the purpose of analysis, but actually they were selected 
to represent the various groups of material that have been incorporated 
into the ICRISAT program for improving shootfly resistance in sorghum, 
and inferences will be limited to lines of similar genetic background. 
When parental lines are considered random and certain assumptions 
met, GCA and SCA components of variance can be translated into covari-
ances of relatives, and then into functions of genetic variance com­
ponents (Comstock and Robinson, 1948). The experiment should be con­
ducted with: 
(1) Random choice of individuals mated for production of experimental 
progenies. 
(2) Random distribution of genotypes relative to variations in environ­
ment . 
(3) No non-genetic maternal effects. 
Assumptions involved in the genetic interpretation of variance components 
include: 
(1) Regular diploid behavior at meiosis. 
(2) Population gene frequencies of one-half at all loci where there 
is segregation. 
(3) No multiple allelism. 
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(4) No correlation of genotypes at separate loci. This implies no 
linkage among genes affecting the character studied or that, if 
linkages exist, the distribution of coupling and repulsion phase 
associations is at equilibrium. 
(5) No epistasis more complex than that accounted for by the model. 
If certain conditions of inheritance are met, the genetic expecta­
tions of the covariances among relatives derived from matings of fully 
inbred parents are as follows (Cockerham, 1963): 
•Gov HS = 1/2 + (1/2)2 ^ 2^ ^ (i/2)3  ^
Gov FS = + °dd^  + *aaa^  + ^ tc. 
However, in the materials used in this study there was no basis for the 
assumption that gene frequencies were equal to one-half at all segregat­
ing loci. Even so, the F^  progenies used in Sets lA and IB were non-
inbred, and the genetic expectations given above are still valid, at 
least when only additive, dominance, and additive x additive effects 
are included in the genetic model (Stuber, 1970). In the case of the 
F2 progeny (which comprised the bulk of the experimental offspring used 
in this study), the coefficients for the components which compose the 
covariances of relatives are complicated, dependent on gene frequency, 
and involve correlations between additive and dominance components. 
Stuber (1970) has shown that in Fg progeny (F = 0.5) of fully inbred 
2 2 2 2 parents, CovFS-^  2Cov HS = 1/4 a, + 1/2 a (a, and a are de-
. Q aa w aa 
fined for the Fj^  generation), when the model is limited to additive. 
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dominance, and additive x additive genetic effects. Further, if the 
dominance variance is negligible, 4 Gov HS - Gov FS = where is 
defined for the Fj generation. 
Table 47 shows a summary of the components of variance for GCA and 
SGA for Experiment 1. There was slight variation within the parental 
groups of Sets lA and IB, and no significant variation among the hybrids. 
Set 2A had little variation among the parents, but substantial variation 
among the hybrids, most of which was due to susceptibility of the progeny 
of IS18576. Though female parents of Set 2B varied considerably, the 
variation among hybrids was largely accounted for by the susceptibility 
of two hybrids in Set 2B with reciprocals and three in Set 2B without re­
ciprocals. Siets 3A-3F represented various materials selected from the 
ICRISAT program to incorporate shootfly resistance into sorghum. Varia­
tion among males was significant in all sets, and among females in all 
but Set 3D. Several sets showed significant GCA for females and/or 
males, and two had a significant SGA. The male-female inter-set averages 
2 for sets 3A-3F gave GGA and SGA estimates of 21.16 and 4.98 degrees , 
respectively. 
2 If SgQy^  were composed entirely of dominance variance, then the esti-
9 2 
mate of Oj from my data would be approximately 20 degrees If it were 
composed entirely of 0%%^ , the estimate for this component would be ap-
2 proximately 10 degrees . These genetic components are defined for the F^  
generation. Because the contribution of the non-additive terms to the 
OGGA  ^are dependent on unknown gene frequencies, no worthwhile estimate 
of was possible. Assuming gene frequencies to be one-half would 
Table 47. Summary of variance component estimates^  from the combined 
analysis of variance of each set of matings in Experiment 1 
Parents 
2 2 2 2 
F^(P) ®M(P) ®F(P)xEnv ®M(P)xEnv 
Set lA-Fi 3.52 33.34+ 6.66 24.05+ 
-"2 3.52 33.34+ 6.66 24.05+ 
Set IB-Fi 11.55 0.40 2.02 39.62* 
-F2 -6.49 19.09 20.61+ 16.47+ 
Set 2A (WR)b 13.90 0.88 1.79 -1.39 
(WOR) 4.14 -5.11 9.42 16.88* 
Set 2B (WR)b 245.71** -12.30 68.57** 37.34** 
(WOR) 122.78** -4.00 30.15** 27.06** 
Set 3A 149.34** 72.72** 18.86 7.37 
3B 254.73+ 26.83** 120.41** -1.63 
3C 105.99** 75.58** 25.75* . 54.72** 
3D 17.59 199.83** 30.10** 50.85** 
3E 37.75** 61.88** 46.73* 17.42+ 
3F 243.79** 26.13* 30.42** 7.46 
Average^  134.87 77.16 45.38 22.70 
S^ubscripts identifying the variance components are explained 
in Tables 6 and 7. 
"^WR" and "WOR" indicate subsets with and without reciprocals, 
respectively. Since they include some parents and hybrids in common, 
their variance components estimates are not independent. 
A^verages are for Sets 3A-3F only, except for those of s,^  and 
Sg , which include Sets lA, IB-Fj, 2A (WOR) and 2B (WOR). 
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Hybrids All 
2 2 2 entries 
GCA 2 G^CA SgCA 
SCA  ^  ^ X Env Sj"^  s F M Fx Env Mx Env d =e 
-1.11 5.43** -1.78 -1.45 1.70 3.70 28.86 39.20** 
0.69 1.15 0.01 -1.49 -0.71 10.37 28.86 39.20** 
-3.70 -2.78 -8.61 -19.97 -18.68 46.80** 26.30 40.26** 
0.01 -1.32 0.78 2.92 3.52 -12.06 28.65 50.96** 
37.50* -0.03 -8.10 3.64+ -1.55 -2.32 30.99 48.05** 
32.42** 5.29** -1.29 2.45 3.66* -6.73 32.61 47.79** 
-10.10 -3.00 72.03 0.22 15.11+ -12.65 30.48 43.03** 
-5.98 18.02 38.17** 0.59 7.91 18,58** 30.67 35.43 
42.06* 16.49+ 8.26* 1.33 0.28 -8.99 32.41 42.58* 
70.91+ 3.07+ 1.28 35.19** -3.26 -3.76 29.35 48.09** 
29.55** 7.82 2.67 9.70* 18.30** -2.60 34.00 50.80** 
0.96 25.86** -1.36 1.36 -1.72 28.70** 29.04 33.03 
-0.84 4.46* -1.64 -4.47 1.31 -8,10 29.69 55.14** 
49.41+ 4.10 23.20** 27.97** 0.05 1.60 31.76 40.48* 
32.01 10.30 4.98 11.85 2.49 2.01 31.04 45.02 
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2 give an estimate of 84.64 degrees for additive genetic variance. 
Means of parents and hybrids Non-additive gene action was evi­
dent in Sets lA, IB, 2B, and 3A, where the mean DH% of the hybrids was 
significantly greater than that of the midparents. In all other sets 
except 3E, the hybrid mean was numerically larger than the midparent mean. 
In Sets lA and IB, the fact that the hybrids were more susceptible 
than their parents possibly was associated with the large differences in 
susceptibility between the parental lines, the exotic origin of the 
male steriles (in which both genetic and cytoplasmic effects could in­
fluence the offspring), and the trichomed x trichomeless nature of the 
matings. The non-additive gene action was primarily dominance, as 
demonstrated by the Fg mean of these sets being approximately halfway 
between the Fj and midparent values, with estimates for "d" of 6.6° 
and 8.8°, respectively. 
The estimates for "d" in these two sets correspond well with the 
estimates for the effect of trichômes in segregating lines (to be pre­
sented in a later section). Additionally, when the difference between 
parents and hybrids was averaged for Sets 3A-3F and the resulting value 
of 0.87 divided by the corresponding average difference in the frequency 
of genotypes expected to have trichomes (0.10, based on the presence or 
absence of trichomes in the parents, with absence being dominant), an 
estimate of 8.7° for the effect of trichomes was obtained, a value that 
corresponds well with estimates from segregating lines. These estimates 
were based on the expected genotype frequency of trichomed types and in 
no way differentiate between the effect of trichomes and that of other 
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resistance factors segregating in the matings, but they do indicate 
that the magnitude of dominance in Sets lA, IB, and 3A-3F was similar 
to those estimated for trichomes in independent experiments. 
In Set 28, hybrids being more susceptible than their parents may 
have resulted partly from the tendency of derivatives of Indian x 
African matings (of which there were three in this set) to produce 
hybrids more susceptible than themselves (although this does not explain 
the susceptibility of IS 4829 x IS 3962). Progeny of IS 4799 were 
primarily responsible for hybrids having a mean DH% higher than that of 
parents in Set 3A. Of the three parents mated with the trichomeless 
IS 4799, two were trichomed and the third was an Indian x African 
derivative. 
Overall, a tendency was noted for hybrids to be more susceptible 
than their midparents when the parents were from different sites of 
origin, when one or both parents were a derivative of an Indian x African 
mating, or when one parent had trichomes and the other did not. The 
Nigerian lines ("P" and "V" lines), though very susceptible to shootfly, 
tended to produce offspring more resistant than themselves—perhaps a 
result of vigorous growth which allowed them to escape some damage. 
Otherwise the few hybrids which showed a notably lower DH% than their 
parents seemed to occur randomly. 
Regressions of hybrids on parents The regressions of hybrids 
on midparent values and of progeny means on parents generally indicated 
a close relationship between the parents' level of resistance and that 
of their offspring (Table 48). In Sets 3A-3F, the combined analyses of 
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Table 48. Regressions and variances of hybrids on midparent values 
for DH% for each set of Experiment 1 
b r2 Var(Hyb) Var(MP) 
lA-Fi 0.67** 0,71 6.09 9.60** 
F2 0.14 0.04 5.13 9.60** 
Avg 0.41+ 0.40 4.01* 9.60** 
IB-Fi -0.10 0.04 1.43 4.84 
F2 0.25 0.12 3.34 6.30 
2A (WR)* -0.69 0.06 36.02** 4.12 
(WOR)a -0.29 0.01 33.59** 3.22 
2B (WR)* 0.43 0.22 37.12* 43.01* 
(WOR)a 0.51 0.13 56.25** 28.20** 
3A 0.96** 0.71 56.32** 43.19** 
B 0.97** 0.90 50.54** 47.78** 
C 0.99** 0.86 43.96** 36.69** 
D 0.68** 0.72 29.29* 45.39** 
E 0.37* 0.51 6.01 22.43** 
F 0.99** 0.72 72.37** 53.65** 
Average^  0.83 0.74 43.08 41.52 
®"WR" and "WOR" indicate subsets with and without reciprocals, 
respectively. Since they include some parents and hybrids in common, 
their variance component estimates are not independent. 
I^ncludes Sets 3A-3F only. The standard error for the average 
regression coefficient (b = 0.83) is 0.10 and for the coefficient of 
determination (r^  = 0.74) is 0.14. 
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DH% showed an average regression coefficient of 0.83 (r^  = 0.74) for 
hybrid on midparent values and of 0.38 for progeny means on males and 
on females (Table 49). Since the midparent regression should have a 
coefficient double that of only one parent, the two averages agree 
rather well. Sets lA, B and 2A, B revealed less correspondence between 
the resistance of the parents and that of the hybrids than did Sets 
3A-3F. This was true primarily because little variation occurred 
within the groups of parents used, except in 2B, which showed several 
hybrids to have greater susceptibility than their midparent values. 
Regression coefficients for Sets 3A-3F were close to the values expected 
if all genetic differences in DH% were of the additive type which argues 
for the predominance of this type of inheritance. 
Comparison of results with those of other authors The presence 
of dominance for susceptibility and of GCA variance components sub­
stantially larger than those for SCA agrees with most published reports 
on the inheritance of shootfly resistance in sorghum. Langham (1968), 
Klaipongpan (1973), and Sharma et al. (1977) reported dominance for 
susceptibility (measured as DH%), while Bala Kotaiah et al. (1975) found 
no dominance, and Rao et al. (1974) discovered substantial dominance for 
resistance. In the latter study, which involved 77 hybrids from 7 
male sterile parents mated with 11 pollen parents, deadhearts ranged 
from 18% to 99%. It is unclear why, when the male-steriles and the 
resistant parents of Indian origin which I used were similar in genetic 
background to some included in the Rao study, dominance for resistance 
was observed in his experiment but not in mine. His GCA components of 
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Table 49. Regressions and variances of progeny means on parents for 
DH% for each set of Experiment 1 
Females Males 
b r2 Var(PM) Var(Par) b r2 Var(PM) Var(Par) 
lA-Fi 0.09 0.42 0.14 7.19 0.38 0.93 6.68** 44.02+ 
P2 -0.25 0.22 1.94 7.19 0.12 0.28 2.40 44.02+ 
Avg -0.08 0.07 0.61 7.19 
IB-Fi 0.20 1.00 0.61 15.41 -0.33 1.00 1.53 13.67 
F2 0.79 1.00 1.80 2.91 0.08 0.10 1.69 27.46 
2A-WRa -0.52 0.12 42.14* 18.18+ 0.97 1.00 3.06 3.22 
WORa 
-0.34 0.04 33.47** 12.68 0.57 0.18 6.34** 3.43 
2B-WRa 0.22 1.00 12.44 258.03** «m M as 20.89 0.01 
WORa 0.19 0.48 10.04 132.63** 1.96 0.75 30.03 5.86 
3A 0.48 0.77 46.19** 153.48** 0.48 0.86 20.63+ 76.86** 
B 0.53 80.71+ 288.84+ 0.22 0.36 4.26 30.43** 
C 0.60+ 0.98 43.24** 117.83** 0.35* 0.99 11.20 88.51** 
D 0.37 0.95 4.24 29.85 0.34 0.82 29.15** 212.09** 
E 0.00 — — 0.00 48.33* 0.26+ 0.83 6.15* 72.46** 
F 0.50 0.96 65.40 254.77** 0.46 0.50 13.11 31.37* 
Average^  0.41 - - 39.96 148.85 0.35 0.73 14.08 85.32 
"^WR" and "WOR" indicate with and without reciprocals, respectively. 
Since they include some parents and hybrids in common, their variance 
component estimates are not independent. In the "WR" subsets, Pj was 
arbitrarily designated as the female parent. 
''includes Sets 3A-3F only. The standard errors for the average 
regression coefficients for females (b = 0.41) and males (b = 0.35) 
are 0.09 and 0.04, respectively. 
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variance were estimated at twice the size of those for SCA, while my 
estimates were five times the size of those for SCA. Kulkarni et al. 
(1978) found SCA variances for DH% larger than those for GCA in one 
experiment, but in the other experiment they were much smaller than 
the GCA variances. In my study, the average regression coefficients 
for Sets 3A-3F of 0.41 and 0.35 for female and male parents, respec­
tively, were lower than the corresponding values of 0.46 and 0.52 re­
ported by Rao et al. (1974). 
Whereas I found parent x environment interaction to be significant 
in most sets, and hybrid x environment interactions significant in 
several sets, Singh et al. (1978) reported non-significant interaction 
among 17 lines (15 resistant, 2 susceptible) and six environments where 
DH ranged from 46.8% to 85.9% on CSH-1. The lines he used were highly 
selected and had been widely tested as candidates for release, which 
perhaps explains their stability across environments. 
Relationship of error variance and entry 3C environment interactions 
to testing strategy Throughout Experiment 1 the expected variance 
of binomially distributed data accounted for a large proportion of the 
2 
error variance which, averaged across sets, was 31.04 degrees out of 
45.02 degrees^  (Table 47) and corresponded to a harmonic mean of 26 
2 plants/plot. The remaining variance (14 degrees ) was due to biological 
and physical causes, such as seed quality, the effects of soil, micro­
climate, unevenness of insect density or activity, and counting errors. 
In an interset average (using the analyses of 1B-F2, 2A-W0R, and 
2B-W0R to represent those sets), the proportions of error variance in 
I 
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the individual environments accounted for by the binomial nature of 
the data were 0.87 (27.99/32.22), 0.74 (27.79/37.68), 0.69 (27.08/39.04), 
and 0.56 (38.18/67.12) for the D8K, D8R, I8R, and P8R environments, 
respectively. The remaining variance was almost three times as great 
in the P8R environment as in any other environment, which was due in 
part to the uneven germination and growth that occurred there. Since 
the average levels of shootfly attack, as measured by DH%, were not very 
different in I8R and P8R, the increased variability in P8R was 
apparently not due to a difference in the level shootfly infestation. 
This variability attests to the necessity for good field husbandry. 
The magnitude of the entry x environment interaction component 
of variance generally was about one-third the corresponding component 
for entries, regardless of whether the source of the variation was 
female or male parents, GCAp, GCA^ , or SCA. For Sets 3A-3F, the 
average of the female x environment and male x environment components 
was more than three-fourths that of the error component, while the 
hybrid x environment component was only one-fourth the error component. 
The influence of these interactions was sufficiently great so as to 
deserve consideration in a strategy for testing breeding material that 
will be discussed in a later section. 
Experiment 2 
Results 
Mating 3 Results from the analysis of the parents, Fg, F^ , 
Bj, Bg, and B2S generations of Mating 3 (IS 18630 x Swarna) are shown 
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in Tables 50-53. Since IS 18630 was nearly as susceptible as Swarna, 
there was little difference between the two parents in any environ­
ment (Table 50). Nonetheless, the weighted least squares regression 
showed significant differences among generations in the D8R environ­
ment and in the combined analysis. The model which included only 
additive gene effects was adequate to account for these differences in 
the combined environments, but it needed the additional term for dom­
inance to properly fit the data from the D8R environment (Table 51). 
When a regression including only additive and additive x additive 
effects was tested for this environment, significant deviations were 
found. Both the additive and the dominance components of means inter­
acted significantly with environments (Table 52). The estimate for 
dominance in the D8R environment, equal to -8.5°, suggested that, if 
the assumptions related to the model were satisfied, dominance for 
resistance was substantial. 
Mating £ Tables 54-57, which present the results from the 
analysis of the parent, F2, F3, BjS and BgS generations of IS 1054 x 
CK60 B, show large differences in DH% between the two parents in each 
environment except D8K (Table 54). Sizable additive effects in the 
inheritance of shootfly reaction in this mating were clearly indicated 
from the generation means analysis (Tables 55-57). The remaining vari­
ation among generations could be attributed to either dominance or 
additive x additive epistatic effects. In all environments except D8K, 
where the model with only additive effects was adequate, the model in­
cluding dominance effects resulted in slightly smaller deviations than 
Table 50. Means, standard errors (SE)^ , and ranges of DH% (as angles) of parents and derived 
generations of Experiment 2—Mating 3 
Generations Mean SE Range Generations Mean SE Range 
Environment D8K Environment I8R 
IS 18630 76. 42 4. 13 68. 17--80. 82 IS 18630 49. 44 2. 40 46. 64-•54. 22 
Swarna 78. 30 1. 01 74. 77-•80. 20 Swama 53. 42 1. 15 49, ,09-•55. ,76 
Fl 76. 12 3. 20 -- Fl 55. 83 3. 36 — 
F2 76. 22 1. 43 66. 60-•81. 06 F2 52. 60 1. 08 46. ,83-•57. ,83 
F3 78. 22 1. 09 73. 14-•82. 03 F3 52. 27 2. 43 43. .42-•64. 36 
Bl 74. 04 3. 20 — Bl 49. 27 3. 36 — 
82 75. 70 3. 20 -- B2 56. 00 3. 36 --
82S 78. 79 1. 76 72. 75-•82. 80 B2S 53. 57 2. 80 45. .04-•61. 95 
Environment D8R Combined environments 
IS 18630 70. 95 2. 59 67. 93-•76. 11 IS 18630 66. 56 1. 31 63, .73-•69. 13 
Swama 75. 50 1. 25 72. 89-•79. 98 Swarna 69. 58 0. 35 68, ,05-•70. 86 
Fl 65. 52 3. 39 — Fl 65. 82 2. 40 --
F2 68. 65 0. 92 65. 82-•75. 32 F2 65. 82 0. 73 62, .97-•70, 10 
F3 71. 56 1. 06 65. 34--75. 85 F3 67. 35 1. 07 61, ,17-•73, .87 
Bl 68. 65 3. 39 -- Bl 63. 99 2. 40 --
B2 71. 82 3. 39 - - B2 67. 84 2. 40 --
82S 75. 15 0. 84 73. 39--78. 29 82S 69. 17 0. 84 68, .13--73, .60 
S^tandard errors of Fj, and 83 were derived from the error mean square of an unweighted 
analysis of variance for individual environments, and from the entry x environment mean square of 
an unweighted analysis of variance for combined environments.and standard errors of other gener­
ations were obtained from multiple entries of the same generation. The numbers of entries (in 
parentheses) per replication for each generation were IS 18630 (3), Swarna (5), Fi (1), F2 (10), 
F3 (10), Bi (1), 82 (1), and B2S (5), respectively. 
Table 51. Analysis of variance (by weighted least square regression) of generation means of DH% 
(as angles) for Experiment 2—Mating 3 
Environments 
Source df D8K D8R I8R Comb.^  
SS P^  SS P SS P SS P 
Generations 7 4.19 0.75-0.9 39. 51 <0, .01 5.23 0.50-0.75 26.71 <0.01 
a 1 — — — — 22. 27 <0, ,01 — — — — 21.21 <0-01 
Deviations/a 6 — — 17. 24 <0, .01 — — 5.50 0.25-0.50 
d/a 1 — — — — 9. 96 <0, .01 — — — — — — 
Deviations/a,d 5 7. 29 0.1-•0.25 
E^ach generation was represented by its unweighted average over the three environments. 
P^robability under the null hypothesis (H_: = 1) of the tabulated Chi^  being less than 
the observed sum of squares (SS). 
Table 52. Analysis (by weighted least square regression) of generations and generation x environ­
ment interactions for percentage DH% (as angles) for Experiment 2—Mating 3 
Genetic 
model Source df SS* 
p' Genetic 
model Source . df SS P 
Generations Generations 7 32.80 <0.01 a,d a 1 17.83 <0.01 
Gen X Env 14 16.13 <0.01 d 1 2.26 0.1-0.25 
Gen (Env) 21 48.93 <0.01 a X Env 2 8.32 0.025-0.05 
d X Env 2 9.87 <0.01 
a a 1 17.83 <0.01 Deviations 15 10.66 0.75-0.90 
a X Env 2 7.82 <0.01 
Deviations 18 23.29 0.1-0.25 
B^ecause this is a weighted analysis, the sums of squares for generations and environments 
are not orthogonal. Consequently, the SS for a x Env + d x Env exceeds the sum of squares 
(SS) for Gen x Env. 
t 2 2 
Probability under the null hypothesis (H^ : a = 1) of the tabulated Chi being less than 
the observed sum of squares (SS). 
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Table 53. Components of means and their standard errors (SE) for DH% 
(as angles) for Experiment 2--Mating 3 
Env. Model m SE (m) a SE (a) d sE(d; 
D8K m 77.73 0.42 - - - -
D8R m 
m,a 
m,a,d 
72.28 
70.95 
69.67 
1.12 
0.93 
0.82 
-5.07 
-3.34 
1.82 
1.46 -8.52 3.26 
I8R m 52.78 0.56 - - — 
Comb. m,a 66.84 0.39 -2.28 0.47 — — — — 
Table 54. Means, standard errors (SE) and ranges of DH% (as angles) of parents and derived gen­
erations of Experiment 2—Mating 4® 
Generation Mean SE Range Generation Mean SE Range 
Environment D8K Environment D8R 
IS 1054 70.47 1.13 68.02-74.02 IS 1054 47.70 2.28 41.24-53.23 
CK60 B 82.84 1.05 78.83-84.76 CK60 B 74.50 1.56 69.65-78.52 
F2 77.09 0.74 72.88-79.44 F2 68.00 0.72 64.59-71.02 
F3 77.21 1.10 72.58-83.00 F3 65.33 0.90 58.31-69.67 
BiS 72.95 1.44 68.96-76.51 BiS 60.84 3.44 51.15-68.65 
B2S 78.45 1.44 72.96-81.27 B2S 71.63 2.53 63.53-79.14 
Environment I8R Environment P8R 
IS 1054 25.27 2.30 18.95-31.31 IS 1054 35.16 0.78 32.72-37.00 
CK60 B 47.08 0.84 44.27-48.78 CK60 B 66.29 2.08 61.86-73.49 
F2 41.29 1.59 34.98-52.33 F2 57.17 1.32 51.87-63.09 
F3 37.41 1.60 30.03-42.67 F3 53.56 1.59 40.41-57.45 
BjS 36.09 2.06 29.19-41.10 BiS 49.07 4.30 40.08-63.78 
B2S 44.21 2.73 34.02-49.25 B2S 60.64 2.43 53.61-68.56 
Combined environments 
IS 1054 44.65 0.91 42.99-47.73 
CK60 B 67.68 0.13 67.22-67.97 
F2 60.89 0.74 57.20-65.67 
F3 58.38 0.97 51.70-62.28 
BiS 54.74 2.00 49.43-59.92 
B2S 63.73 1.73 58.11-67.94 
S^tandard errors of each generation were obtained from multiple entries of the same gener­
ation. The number of entries (in parentheses) per replication for each generation were IS 1054 
(5), CK60 B (5), F2 (10), F3 (10), B^ S (5), BgS (5), respectively. 
Table 55. Analysis o£ variance (by weighted least square regression) of generation means of DH% 
(as angles) for Experiment 2—Mating 4 
Environments 
Source df 
D8K . D8R I8R P8R Comb.' 
SS SS P SS P SS P SS P 
Generations 5 73.45 <0.01 106.38 <0.01 106.31 <0.01 418.86 <0.01 811.83 <0.01 
a 1 71.88 <0.01 85.55 <0.01 97.91 <0.01 403,42 <0.01 780.49 <0.01 
Dev./a 4 1.57 0.5-0.75 20.83 <0.01 8.40 0.05-0.1 15.43 <0.01 31.34 <0.01 
d/a 1 — — 19.88 <0.01 6.02 0.01-0.05 14.78 <0.01 30.28 <0.01 
Dev./a,d 3 — — 0.94 0.75-0.9 2.38 0.25-0.5 0.65 0.75-0.9 1.06 0.75-0.9 
aa/a 1 — — 14.91 <0.01 3.86 0.05-0.1 11.36 <0.01 25.87 <0.01 
Dev./a,aa 3 — — 5.91 0.1-0.25 4.54 0.1-0.25 4.07 0.25-0.5 5.47 0.1-0.25 
E^ach generation was represented by its unweighted average over the three environments. 
P^robability under the null hypotheses (H^ : = 1) of the tabulated Chi^  being less than 
the observed sum of squares (SS). 
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Table 56. Analysis (by weighted least square regression) of genera­
tions and generation x environment interactions for DH% 
(as angles) for Experiment 2-Mating 4 
Genetic 
model Source df SS' 
Generations Gen 5 608. 76 <0. 01 
Env X Gen 15 96. 24 <0. 01 
Gen (Env) 20 705. 00 <0. 01 
a,d a 1 554. 75 • <0. 01 
d 1 49. 34 <0. 01 
a X Env 3 79. 65 <0. 01 
d X Env 3 15. 90 <0. 01 
Deviations 12 5. 37 0.9-0.95 
a,aa a 1 554. 75 <0. 01 
aa 1 42. 27 <0. 01 
a X Env 3 78. 91 <0. 01 
aa X Env 3 13. 05 <0. 01 
Deviations 12 16. 03 0,1-0.25 
Because this is a weighted analysis, the sums of squares for 
generations and environments are not orthogonal. Consequently, the 
SS for a X Env + d x Env exceeds the SS for Gen x Env. 
Probability under the null hypothesis (H_: 
lated Chi^  being less than the observed SS. 
= 1) of the tabu-
Table 57. Components of means and their standard errors (SE) for DH% (as angles) for Experi­
ment 2--Mating 4 
Env. Model m SE(m) a SE(a) d SE(d) aa SE(aa) 
D8K m^ a 76.72 0.27 —6.10 0.45 — — — — 
D8R m,a,d 68.16 0.38 -13.00 0.72 12.75 1.60 
m,a,aa 66.95 0.77 -13.06 1.84 — — -5.70 2.07 
I8R m, a 38.46 1.04 -9.05 1.33 — — — — 
m,a,d 41.30 1.21 -10.48 0.96 9.58 3.48 
m,a,aa 39.81 1.22 -10.33 1.38 — — -3.12 1.95 
P8R m,a,d 57.09 0.56 -15.34 0.48 13.12 1.59 
m,a,aa 55.51 1.10 -15.28 1.25 — — 5.00 1.73 
Comb. m,a,d 60.91 0.40 -11.43 0.26 9.33 1.01 
m,a,aa 59.91 0.75 -11.42 0.61 — — -3.65 0.97 
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the one including additive x additive epistatic effects. The estimates 
of "a" were almost constant regardless of what other terms were in­
cluded in the model. À combined analysis using data from individual 
environments indicated that both the "a" and "d", or the "a" and "aa" 
components interacted significantly with environments (Table 56). 
Mating 5 The parent, and generations were analyzed for 
resistance to shootfly in the mating of IS 5604 x CK60 B, the results 
of which are presented in Tables 58-61. Fg ^ "d B^  showed means of DH% 
that were intermediate to their parents, and approached that of CK60 B 
(the susceptible parent), except in environment D8K, where they were 
near the midparent (Table 58). Analysis of generation means revealed 
a large additive genetic effect on DH%, as well as significant dominance 
or additive X additive epistatic effects. All models fitted gave 
essentially equal estimates of "a". On the whole, the model fitting 
the "a" and "aa" parameters resulted in slightly lower deviations than 
one with "a" and "d" effects (Table 59). Both "a" and "d", or "a" and 
"aa" (depending on which model was fitted), interacted significantly 
with environments and resulted in non-significant deviations from the 
model (Table 60). In models with dominance effects, the estimate of 
"d" approached or exceeded the absolute value of the "a" estimate 
(Table 61). 
Discussion 
A generation means analysis estimates the additive, dominance, and 
epistatic effects that are involved in the average mean expression of 
Table 58. Means, standard errors (SE)^ , and ranges of DH% (as angles) of parents and derived 
generations of Experiment 2—Mating 5 
Generation Mean SE Range Generation Mean SE Range 
Environment D8K Environment D8R 
IS 5604 68.06 1.31 65.65-73.12 IS 5604 44.86 1.25 41.33-48.90 
CK60 B 82.81 0.98 79.07-84.18 CK60 B 74.12 0.87 71.67-75.96 
F2 76.00 0.92 72.21-80.09 F2 68.20 1.16 64.29-74.37 
B2 76.94 3.19 82 70.96 4.93 
Environment I8R Environment P8R 
IS 5604 19.92 1.15 16.51-23.35 IS 5604 26.91 1.48 22.16-30.32 
CK60 B 42.36 1.46 37.07-45.19 CK60 B 60.27 2.45 52.09-66.71 
F2 39.37 1.20 35.79-47.42 F2 50.58 2.05 38.18-57.55 
B2 38.24 3.87 B2 54.89 5.59 • 
Combined environments 
IS 5604 39.94 0.12 39.78-40.34 
CK60 B 64.89 0.77 62.94-67.12 
F2 58.54 0.78 53.36-61.11 
B2 60.26 2.39 — -
T^he standard error of B2 was derived from the error mean square of an unweighted analysis 
of variance for individual environments, and from the entry x environment mean square of an un­
weighted analysis of variance for combined enviomments. Standard errors of other generations 
were obtained from multiple entries of the same generation. The number of entries (in paren­
theses) per replication for each generation were IS 5604 (5), CK60 B (5), F2 (9), B2 (1), 
respectively. 
Table 59. Analysis of variance (by weighted least square regression) of generation means of 
%DH (as angles) for Experiment 2—Mating 5 
Environments 
Source df D8K D8R I8R P8R Comb.* 
SS SS P SS P SS P SS P 
Generations 3 83. 21 <0.01 376.83 <0.01 199.84 <0.01 180.49 <0.01 1603.56 <0.01 
a 1 82. 46 <0.01 337.02 <0.01 170.16 <0.01 172.66 <0.01 1554.28 <0.01 
Dev./a 2 0. 75 0.5-0.75 39.80 <0.01 29.68 <0.01 7.83 <0.01 49.28 <0.01 
d/a 1 • - — — 38,55 <0.01 27.92 <0.01 7.38 <0.01 46.06 <0.01 
Dev./a,d 1 •- - - 1.26 0.5-0. 75 1.76 0.25-0.5 0.45 <0.01 3.22 0.05-0.1 
aa/a 1 » » 39.45 <0.01 28.81 <0.01 7.68 <0.01 47.82 <0.01 
Dev./a,aa 1 • - 0.36 0.5-0. 75 0.87 0.25-0.5 0.15 0.5-0.75 1.46 0.1-0.25 
a^ch generation was represented by its unweighted average over the three environments. 
b 2 2 
Probability under the null hypothesis (H^ : a = 1) of the tabulated Chi being less than the 
observed sum of squares. 
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Table 60. Analysis (by weighted least square regression) of gener­
ations and generation x environment interactions for DH% 
(as angles) for Experiment 2-Mating 5 
Genetic 
model Source df SS* 
pb 
Generations Generations 3 766.05 <0.01 
Gen X Env 9 74.32 <0,01 
Gen (Env) 12 840.37 <0.01 
a,d a 1 703.97 <0.01 
d 1 57.88 <0.01 
a X Env 3 48.87 <0.01 
d X Env 3 25.51 <0.01 
Deviations 4 4.14 0.25-0.5 
a,aa a 1 703.97 <0.01 
aa 1 60.13 <0.01 
a X Env 3 48.66 <0.01 
aa X Env 3 25.61 <0.01 
Deviations 4 2.00 0.5-0.75 
B^ecause this is a weighted analysis, the sums of squares for 
generations and environments are not orthogonal. Consequently, the 
SS for a X Env + d x Env exceeds the SS for Gen x Env. 
P^robability under the null hypothesis (a^  = 1) of the tabu­
lated Chi^  being less than the observed sum of squares (SS). 
Table 61. Components of means and their standard errors (SE) for DH% (as angles) for Experi­
ment 2—Mating 5 
Env. Model m SE (m) a SE (a) d SE(d) aa SE(aa) 
D8K m,a 75.61 0.52 -7.44 0.72 — — — 
D8R m,a,d 67.83 1.24 -14.55 0.85 16.62 3.00 _ _ 
m,a,aa 68.05 0.67 -14.59 0.45 : -8.56 0.81 
I8R m,a,d 39.00 1.54 -11.11 1.23 15.77 3.95 » » 
m,a,aa 39.18 1.09 -11.13 . 0.86 -8.09 1.40 
P8R m,a,d 50.11 1.29 -16.57 0.96 13.15 3.24 « w mm M 
m,a,aa 50.37 0.77 -16.60 0.55 -6.85 0.96 
Comb. m,a,d 58.10 1.33 -12.42 0.70 11.48 3.03 » tm •— » 
m,a,aa 58.31 0.91 -12.42 0.47 -5.95 1.04 
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a character in parental lines and the generations derived from them. 
Because the analysis is based on means, the effects of alleles in a 
particular parent which increase the expression of the character and 
of those which decrease it cancel each other, so that only when in­
creasing and decreasing effects are distributed isodirectionally (all 
effects of the same sign occur in the same parent) does the analysis 
estimate the sum of effects at all loci that differ between the two 
parents. The analysis assumes that an appropriate scale is used (one 
which minimizes genotype x environment interaction), that trigenic and 
higher order epistasis is negligible, and that no linkage occurs 
between loci which interact. Linkage between alleles without epistatic 
interactions does not alter the generation means (Mather and Jinks, 
1971). 
In Mating 3, the DH% of IS 18630 and Swarna differed only slightly. 
Since it was likely that each parent contained alleles with increasing 
effects and alleles with decreasing effects, the additive effects were 
probably underestimated, which in the D8R environment would lead to 
an overestimation of the potence ratio (d/a) at 2.55. A potence ratio 
greater than one suggests overdominance, but it may occur when there 
is only partial dominance at each locus involved if additive effects 
are underestimated. 
Even though the estimates for additive effects for DH% in both 
IS 1054 X CK60 B and IS 5604 x CK60 B accounted for most of the sums 
of squares of differences among generations, it was necessary to include 
either dominance or additive x additive effects in the model to reduce 
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deviations from the model to a non-significant level. Because the 
coefficients for "d" and "aa" in these two matings are strongly nega­
tively correlated, separating the effects of these two kinds of gene 
action was impossible. In both matings, the assumption that epistasis 
was not important resulted in a potence ratio near one for all environ­
ment except D8K. Although effects of the dominance and additive x 
additive type could not be differentiated, it was clear that non-
additive gene action was important in determining DH% in each mating. 
Inheritance of Trichome Presence and Density 
Results 
Matings of trichomed and trichomeless parents Segregation 
ratios for various generations from IS 1054 x CK60 B indicated that in 
this mating trichome presence was recessive and inherited via a single 
gene pair (Tables 62, 63). Evaluation of 85 BC^ Fj-derived lines in 
Fg from the backcross (IS 1054 x CK60 B) x CK60 B showed that those 
derived from trichomed plants were always trichomed, and those derived 
from trichomeless plants segregated. Additionally, homogeneous 
trichomed Fg-derived lines in F^  from IS 1054 x CK60 B produced 
homogeneous trichomed lines in F^ . The matings of IS 5604 x CK60 B, 
Kaffinum A x IS 1082, and 3659 A x EN 3332-2 (Table 64) produced seg­
regation ratios consistent with single-locus inheritance. 
Even though evidence from this study generally supported single-
locus control of trichome presence or absence, in certain instances 
the observed ratios were different than expected. The most extreme 
Table 62. Ratios of trichomed, segregating, and trichomeless plants and lines of sorghum in 
various generations from the mating IS 1054 x CK60 B, and Chi^  tests for fits to 
expected ratios 
Number of lines Chi^  
Generation Trichomed Segregating Trichomeless tested Value Probability 
1^ 40 — 
2^ 20 49 1:3 0.44 0.51 
3^ lines 42 77 39 1:2:1 0.21 0.90 
"l X IS 1054 29 36 1:1 
0.38 0.54 
fl X CK60 B — 58 — 
fl X CK60 B F2 lines 12 8 1:1 0.80 0.37 
152 
Table 63. Pooled numbers of trichomed and trichomeless sorghum 
plants in segregating lines of various generations from 
the mating IS 1054 x CK60 B, and Chi tests for fits to 
a 1:3 ratio 
No. of Number of plants Chi^  
Generation segregating 
lines pooled Trichomed 
Trichome­
less Value 
Proba­
bility 
F3 (1st set) 22 107 340 0.27 0.603 
Fg (2nd set) 77 210 493 8.90 0.003 
BC1F2 12 37 130 0.72 0.396 
BC2F2 4 31 96 0.14 . 0.708 
BC2F3 41 129 432 1.20 0.273 
BC3F2 (1st set) 21 81 234 0.09 0.764 
BC3F2 (2nd set) 21 230 567 6.33 0.012 
BC3F1 X BC3Fi 3 119 511 0.80 0.371 
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Table 64. Ratios of trichomed, segregating, and trichomeless plants 
and lines from the matings IS 5604 x CK60 B, Kaffinum A x 
IS 1082, 3659 A X EN 3332-2, and 2219 A x IS 2312, and 
Chi^  tests for fits to expected ratios 
Number of lines or plants ^^ 2^ 
n „ • 4.- with trichomes Ratio 
Description , tested 
Present =®ge- Absent Value 
IS 5604 X CK60 B 
F2 
F3 lines 
Plants from 50 
F3 seg. lines 
Kaffinum A x IS 1082 
F3 lines 
F3 plants from 28 
seg. lines 
3659 A X EN 3332-2 
F3 lines 
F3 plants from 21 
seg. lines 
2219 A X IS 2312 
14 — — 60 1:3 2.46 0.23 
32 50 38 1:2:1 3.93 0.14 
150 349 1:3 6.81 <0.01 
F3 lines 
8 
95 
14 
79 
15 
F3 plants from 26 
seg. lines 138 
28 
21 
26 
13 
243 
12 
164 
133 
1:2:1 2.02 0.36 
1:3 1.57 0.21 
1:2:1 0.70 0.70 
1:3 7.31 <0.01 
1:2:1 17.58 <0.01 
1:2:0 0.18 0.70 
1:1:0 3.27 0.07 
1:3 97.12 <0.01 
1:2 37.73 <0.01 
1:1 0.09 0.77 
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departure occurred in 2219 A x IS 2312 (Table 64). However, IS 1082 
X IS 2312 (both trichomed) gave all trichomed F2 plants, and a single 
locus controlled trichome presence or absence in Kaffinum A x IS 1082, 
so apparently trichome presence in IS 2312 and IS 1082 is controlled 
by an allele at the same locus. The absence of homogeneous trichome-
less F2-derived lines and the deficient numbers of trichomeless F3 plants 
in segregating lines could have been due to (a) linkage of the trichome 
with a male-sterility locus, (b) linkage of the trichome with a reces­
sive lethal allele, or (c) poor competitive ability of pollen that 
carried the trichomeless allele. The observed ratios of the Fj lines 
and of the F3 plants within segregating lines do not fit ratios that 
would be expected with the first two of these possible causes, but they 
fit a 1:1 ratio, which would be expected with the latter possible cause. 
Additional research is needed to determine exactly which mechanism may 
be operating in this mating. 
Four instances in which there were slight, though significant 
excesses of trichomed plants were the pooled ratios of plants from seg­
regating lines in the F3 (2nd set) and the BC3F2 (2nd set) of IS 1054 x 
CK60 B (30% and 29% trichomed plants, respectively, Table 63), and the 
F3 of IS 5604 and CK60 B and the F3 of 3659 A x EN 3332-2 (30% and 33% 
trichomed plants respectively. Table 64). Usually 10 plants/line were 
sampled, so there was ca. a 1 in 20 chance of misclassifying a segre­
gating line as trichomeless. Adjustment for this bias reduced (but did 
not eliminate) the difference between the observed and expected ratios. 
The discrepancy could have resulted from differential emergence of 
155 
trichomed and trichomeless plants or from gametic selection that favored 
pollen and/or ovules that carried the allele for trichomes. Neither of 
these possibilities has been verified. 
Matings of trichomed with trichomed parents All 20 F2 plants 
from each mating between trichomed parents were trichomed, indicating 
that the same locus was involved in controlling trichome presence in 
the four parents. 
Heritability of trichome density Trichome densities for the 
average of leaves 4 and 5 ranged from 1.5/mm^  to 7.3/mm^  (± 0.7/mm^ ) for 
individual lines in the with a mean of 3.43 ± 0.27/mm . Lines in 
ranged from 1.3 to 12.4/mm^  (± 1.0/mm^ ) with a mean of 4.63 t 0.48/mm^ . 
Standard unit heritability (Frey and Horner, 1957) of trichome density 
between Fg and F4 was 0.75 (significantly different from zero at the 1% 
probability level) on a plot basis. This high heritability shows that 
much of the variation for density is genetically controlled. 
Discussion 
Trichome presence on sorghum leaves is controlled by a recessive 
gene at one locus in the cultivars studied. The symbol ^  is proposed 
for this gene, with the result that Tr- would be trichomeless and 
tr tr genotypes would be trichomed. The Nomenclature Committee for 
sorghum gene symbols concurred with my proposal (personal communication. 
Dr. K. F. Schertz (Committee Chairman), 15 February 1979). 
If trichome presence is controlled by an allele at a single locus 
in other sorghum cultivars, trichomed segregates could be selected 
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easily in a breeding program. This would be an effective way to recover 
resistance to shootfly in segregating generations from matings involving 
one trichomed parent. By backcrossing, trichome presence could be 
easily transferred to shootfly susceptible genotypes that have other 
desirable characteristics. 
Density of trichomes per unit area of leaf lamina surface also is 
genetically controlled, but the presence of trichomes is probably more 
important for increasing resistance to shootfly than is density 
(results presented in the next section and unpublished results. Dr. 
R. K. Maiti and myself). However, if density is shown to be important, 
its high heritability would facilitate selection for high density. 
Means and Frequency Distributions of Shootfly Damage in 
Lines Segregating for Trichome Presence 
Frequency distributions 
The frequency distributions for DH% of lines segregating for the 
presence of trichomes are shown in Figures 1-7 for the Fg and F^  of 
IS 1054 X CK60 B and IS 5604 x CK60 B, and for the Fg of Kaffinum A 
X IS 1082, 2219 A X IS 2312, and 3659 A x EN 3332-1. Obviously, distri­
butions are shifted toward susceptibility in all matings except 
Kaffinum A x IS 1082. The DH% of trichomed, segregating, and trichome-
less groups of lines from a mating overlapped to some degree, but 
nevertheless, trichomed lines tended toward resistance, segregating 
lines were intermediate, and trichomeless lines tended toward suscep­
tibility. 2219 A X IS 2312 did not produce any trichomeless lines. 
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Transgressive segregates 
In the 1978 post-rainy season, from the five resistant x susceptible 
matings, only one line of 3659 A x EN 3332-2 was significantly lower in 
DH% than its resistant parent. In the following rainy season, however, 
even this line had a higher DH% than its resistant parent. It appears 
remote that a resistant x susceptible mating will produce a line which 
is superior in DH% to the resistant parent. 
Heritability 
Standard unit heritabilities estimates for DH% were 0.24 and 0.33 
from regressing F4 on F3 lines in IS 1054 x CK60 B and IS 5604xCK60 B, 
respectively. By considering the trichome groups separately, these 
estimates were reduced to 0.06, -0.09, 0.08, respectively, for the tri-
chomed, segregating, and trichomeless lines of IS 1054 x CK60 B and-0.01, 
0.22, and 0.29, respectively, for the same groups of IS 5604 x CK60 B. 
Means 
In every experiment, except Experiment 22 (where the difference 
approached significance at P = 0.05), the means of the trichomeless 
lines for DH% were significantly greater than those of the trichomed 
lines at both the first and the final count. The trichomed lines also 
had significantly smaller percentages of plants with eggs in three of 
six cases (Tables 65, 66). Estimates of the effect of trichomes on DH% 
(final count) ranged from 3.2° to 11.9° with most near 10° (equivalent 
to ca. 17%). The difference in DH% (as angles) between the trichomed 
and trichomeless lines ranged from 37 to 93% of the difference between 
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Table 65, 
Group 
Means of percentage of plants with shootfly eggs and of 
plants with deadhearts (as angles) of trichomed, segregat­
ing, and trichomeless sorghum lines and their parents* 
Lines 
Angular transformation of % main culms with 
Eggs 
(1st count) 
DH 
(1st count) 
DH 
(2nd count) 
degrees 
Experiment 8C4A--IS 1054(+) x CK60 B(-) F% 
IS 1054 9 27.0±3.0 a 20.7±1.6 a 34.7±2.1 a 
Trichomed lines 33 29.5±1.6 a 20.6±1.4 a 42.2±1.4 b 
Segregating lines 57 36.4+1.0 b 26.1+0.9 b 48.9±0.7 c 
Trichomeless lines 32 38.0±1.3 b 25.3±1.1 b 51.3±1.3 c 
CK60 B 10 45.8±1.3 c 32.3±1.8 c 55.9±1.7 d 
(trichomeless - trichomed 
lines)/ 
(trichomeless - trichomed 
parent) 45% 41% 43% 
Experiment 13A--IS 1054(+) X CK60 B(-
-) F,3 
IS 1054 13 26.4±1.6 a 11.4±0.9 a 41.1±1.7 a 
Trichomed lines 29 26.2±1.3 a 12.5±0.8 ab 42.5±1.2 a 
Trichomeless lines 28 30.0±2.3 a 15.7±1.6 b 53.6±1.1 b 
CK60 B 13 40.4±1.3 b 20.7±1.4 c 57.Oil.2 b 
(trichomeless - trichomed 
lines/ 
(trichomeless - trichomed 
parent) 28% 34% 70% 
Experiment 8C4B--IS 1054(+) X CK60 B(-) Fx 
IS 1054 10 25.4±2.0 a 18.9+1.7 a 29.2±2.8 a 
Trichomed lines 40 28.9±1.2 a 20.7±1.0 ab 40.9±0.9 b 
Segregating lines 69 34.2±0.9 b 25.3+0.9 c 47.5+0.8 c 
Trichomeless lines 34 37.1±1.3 be 29.1±1.2 d 50.1±1.0 d 
CK60 B 9 40.3±2.6 c 26.5+2.8 bed 50.7±2.3 cd 
(trichomeless 
lines)/ 
(trichomeless 
parent) 
trichomed 
trichomed 
55% 112% 43% 
V^alues in a column followed by the same letter not significantly 
different at P = 0.05 by t = test of each pair of mean. Values are 
shown ± one standard deviation. Trichomed and trichomeless parent 
indicated by (+) and (-), respectively. 
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Table 65. (Continued) 
Group Lines 
Angular transformation of % main culms with 
Eggs 
(1st count) 
DH 
(1st count) 
DH 
(2nd count) 
degrees 
Experiment 13B--IS 1054(+) x CK60 B(-) 
IS 1054 10 
Trichomed lines 41 
Trichomeless lines 37 
CK60 B 10 
(trichomeless 
lines)/ 
(trichomeless 
parent) 
trichomed 
trichomed 
33.3±2.7 ab 
30.7±1.7 a 
36.4+1.3 b 
38.3±2.1 b 
112% 
15.7+1.8 a 
14.8±0.8 a 
21.Oil.2 b 
22.5±1.8 b 
90% 
Experiment 22—IS 5604(+) x CK60 B(-) F/| 
IS 5604 5 
Trichomed lines 26 
Trichomeless lines 28 
CK60 B 5 
(trichomeless 
lines)/ 
(trichomeless 
parent) 
trichomed 
trichomed 
68.8±2.4 a 
70.7±1.1 a 
73.1±0.8 a 
78.9±0.7 b 
14% 
50.7+1.3 a 
57.3±1.0 b 
60.1±1.0 b 
70.9±1.0 c 
24% 
33.Oil.4 
38.7i0.9 
49.7i0.8 
47.3+1.7 
77% 
56.1il.9 a 
66.2il.2 b 
69.4il.l b 
75.4+1.0 c 
17% 
Table 66. Means of DH% (as angles) of trichomed, segregating and trichomeless sorghum lines and 
their parents^  
Group Lines % main culms with dead-hearts [final count) Lines 
% main culms with dead-
hearts (final count) 
Trichomed parent 
Trichomed lines 
Segregating lines 
Trichomeless lines 
Trichomeless parent 
(trichomeless - trichomed lines)/ 
(trichomeless - trichomed parent) 
Trichomed parent 
Trichomed lines 
Segregating lines 
Trichomeless lines 
Trichomeless parent 
(trichomeless - trichomed lines)/ 
(trichomeless - trichomed parent) 
Trichomed parent 
Trichomed lines 
Segregating lines 
Trichomeless lines 
Trichomeless parent 
(trichomeless - trichomed lines)/ 
(trichomeless - trichomed parent) 
# degrees 
Experiment 8C5A 
IS 5604 (+.) X CK60 (B)-
10 21.7+1.4 a 
26 36.7±1.6 b 
40 46.5±1.4 c 
30 48.4±1.5 cd 
10 50.3±0.8 d 
41% 
Experiment 8C5B 
IS 5604(+) X CK60 B(-) F4 
10 
26 
40 
30 
10 
29.4±1.0 
44.1±1.6 
51.0±1.0 
53.6+1.2 
53.Oil.7 
40% 
# degrees 
Experiment 17A 
Kaffinum A(-) x IS 1082 (+) F.-; 
5 32.5+2.0 a 
7 44.3+1.9 b 
28 49.311.0 be 
13 50.2±1.5 c 
5 64.3+2.3 d 
23 
19% 
Experiment 17B 
2219-A(-) X IS 2312(+) 
7 24.2±1.3 a 
15 38.2±1.6 b 
26 42.1±1.4 be 
7 44.9±1.6 c 
Experiment 17C 
3659-A(-) X EN 3332-2(+) F3 
5 40.4±2.3 a 
14 44.1±2.2 a 
21 51.9+1.3 b 
12 56.0+1.3 c 
5 53.2±2.5 be 
93% 
®Mean values are shown + the standard error of the mean. Values followed by the same letter 
are not significantly different at P = 0.05 by a two-tailed t-test of each pair of means. Tri­
chomed and trichomeless parents indicated by (+) and (-), respectively. 
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the parents, except in Experiments 22 and 17A, where the percentages 
were 17% and 19%, respectively. 
My results show rather conclusively that trichomes (including 
possible pleitrophic effects of the same genetic locus and/or effects 
of closely linked genes) were responsible for a substantial portion 
of the resistance to shootfly found in the sorghum lines I studied. Exper­
iment 22 and unpublished data (Gibson andMaiti, ICRISAT) suggest that the 
value of trichomes may be less during the rainy than during the post-
rainy season, a phenomenon possibly related to the growth and physiology 
of the plant, or to severity of shootfly infestation. 
Other genetic factors also contribute to resistance, as evidenced 
by the difference between the trichomed parent and the mean of the 
trichomed lines derived from it (Tables 65, 66). This difference was 
statistically significant in eight of ten instances. A significant 
difference between the trichomeless parent and the trichomeless derived 
lines in Experiment 17A, and differences which approach significance 
in Experiments 13A and 8C5B gave further evidence that additional factors 
contribute to shootfly resistance. 
Within-trichôme-group variances also indicate the presence of 
resistance factors other than trichomes (Table 67). Ten groups of 
lines in four experiments involved lines from IS 1054 x CK60 B, two 
of which had significant within-group variances. In the same exper­
iments, however, of eight groups of parental lines, only one showed 
significant intra-group variance. Every group of lines from IS 5604 
X CK60 B in 3 experiments had significant variance within the group. 
Table 67. Mean squares for DH% (as angles) within sorghum parents and within trichomed, segre­
gating and trichomeless derived lines 
Group 
Within group mean square for experiment^  
8C4A 13A 8C4B 13B 22 8C5A 8C5B 17A 17C 
Resistant parent 77.0 70. 0 155.5* 39. 9 69.3 41.5 20.1 39.6 53.0 
Susceptible parent 55.8 38. 6 95.7 55. 9 14.4 58.4 85.0 52.2 61.6 
Trichomed lines 127.0** 86. 0** 69.4 74. 7 147.3** 139.4** 135.0** 52.4 136.2** 
Segregating lines 50.3 — 80.8 — 148.6** 82.2** 52.4 69.0 
Trichomeless lines 100.2 66. 3 64.9 56. 1 135.6** 134.5** 90.6** 57.7 39.4 
Experimental error 66.5 48. 4 62.6 75. 9 58.8 68.1 43.6 48.8 40.4 
W^ean squares have been reported on an individual plot basis. Degrees of freedom for 
each value can be obtained from the number of lines given in Tables 65 and 66 and the number 
of replications given in text. 
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but none of the parental groups did. Significant within-group variance 
also occurred in the trichomed lines of 3659 A x EN 3332-2. 
Results of fitting a regression to the group means for DH% were 
consistent with the presence of additional genes for resistance (Table 
68). Parameters for the model I used are defined in terms of the 
effects of loci with additive, completely dominant, or duplicate dom­
inant gene action. This is different from generation means analysis, 
which contains parameters that partition the effects of loci into 
additive effects, dominance deviations from additive effects, and 
epistatic deviations from additive or additive and dominance effects. 
The genetic model involving only trichomes was inadequate to explain 
DH% in seven of nine experiments (P < 0.05), whereas a model including 
trichomes and loci with alleles additive for resistance and one includ­
ing trichomes and loci with an allele dominant for susceptibility gave 
adequate fits in five experiments. A model with trichomes plus pairs 
of loci having duplicate dominant epistasis for susceptibility gave 
adequate fits in eight of nine experiments and it was the only model 
that conformed to data from experiments involving IS 1054 x CK60 B and 
IS 5604 X CK60 B. Non-significant residuals for the model including 
digenic epistasis did not rule out a more complex model. However, 
the presence of significant deviations from simpler models indicated 
that there were at least two resistance factors besides trichomes, 
and that epistasis of the duplicate dominant type might have been 
present. Since the "glossy" leaf trait was not recorded in my exper­
iments, its relationship to these results is unknown. 
Table 68. Total and residual sums of squares for DH% (as angles) of parents, and trichomed, 
segregating, and trichomeless lines regressed on genetic models including trichoraes 
and other genes for resistance, along with Chi^  probabilities of obtaining a larger 
residual sum of squares if the model is adequate 
Total 
Exper- T T + A T + D T + I 
iment df , ... Residual Residual „ Residual _ Residual (weighted) 35 Pl> gg P SS P SS 
8C4A 4 89.36 14.45** 0.002 0.86 0.65 0.04 0.98 3.58 0.17 
13A 3 110.18 4.90 0.09 0.62 0.43 1.63 0.20 3.73 0.05 
SC4B 4 93.02 17.36** 0.001 10.50** 0.005 8.37* 0.20 1.80 0.41 
13B 3 147.97 13.18** 0.001 10.42** 0.001 9.01** 0.003 3.86 0.05 
22 3 50.32 24.07** <0.001 2.44 0.11 0.95 0.33 1.09 0.30 
3C5A 4 . 326.07 50.00** <0.001 31.85** <0.001 18.14** <0.001 0.93 0.63 
3C5B 4 347.09 76.91** <0.001 42.84** <0.001 32,32** <0.001 5.85 0.05 
17A 4 119.72 45.76** <0.001 0.39 0.82 5.31 0.07 22.15** <0.001 
17C 4 47.35 2.37 0.50 2.37 0.31 2.24 0.33 1.57 0.46 
 ^= trichomes, A = genes additive for resistance, D = genes dominant for susceptibility, 
1 = pairs of genes exhibiting duplicate dominant epistasis for susceptibility. 
P^robability of the tabulated Chi^  being less than the observed sum of squares (SS) under 
the null hypothesis (H^ : a2 = 1). 
172 
While the density of trichomes would be expected to affect the 
degree of resistance shown by a line (Schillinger and Gallun, 1968), I 
found no statistically significant association (P = 0.10) of these 
traits (Table 69). Several factors could account for a lack of 
detectable correlation: (a) sampling variation in DH% may have ob­
scured a weak correlation; (b) genotype x environment interactions 
for trichome density also could have reduced the correlations, since 
trichome density and shootfly resistance were measured in separate 
experiments; (c) trichome length and orientation may affect resistance, 
but were not considered as factors in this study; (d) sheath trichomes 
could have caused some unexplained variation if inherited independently 
of blade trichomes, as reported in barley (Fedak, 1973) and oats 
(Sarkarung, 1978); and (e) since the exact mechanism whereby trichomes 
reduce shootfly damage is not known, an undetected threshold response by 
the fly to trichome density could exist, especially if the threshold .oc­
curred at low densities. To determine whether trichome density affects 
resistance to shootfly would require further investigation. 
The knowledge that trichome presence on the sorghum leaf lamina 
confers resistance to shootfly should simplify the detection of other 
factors involved in resistance by allowing investigators to isolate the 
effect of trichomes. The genetic relationship of this trait with the 
glossy leaf character and with leaf sheath trichomes should be determined. 
The implications to a breeding strategy of the effect of trichomes on 
resistance will be discussed in a later section. 
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Table 69. Correlation of trichome density of the abaxial surface of 
sorghum leaves with DH% (as angles) 
Identity of 
lines 
Trichome 
No. of density (X) 
lines SE of Range line 
Deadhearts 
Range SE of line 
XY 
#/mm^  degrees-
IS 1054 X CK60 B Fs 24 1. 5-7.3 0.46 22.9-54.3 3. 8 0.24 
IS 1054 X CK60 B F4 36 1. 3-12.4 0.62 32.3-47.2 4. 2 0.07 
IS 5604 X CK60 B F3 24 2. 2-29.6 12.7-48.2 5. 8 -0.21 
IS 5604 X CK60 B Fd^  24 — — — —. 26.9-57.1 4. 7 -0.29 
All correlations non-significant at P = 0.05. 
F^4 deadheart percentages correlated with Fg trichome density 
measurements of the respective line. 
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Means and Frequency Distributions for Lines Not 
Segregating for Trichome Presence 
Frequency distributions 
The frequency distributions for the DH% of lines from IS 18630 
X Swarna, IS 1054 x IS 5604, IS 1054 x 'IS 5642', IS 1082 x IS 5604, 
IS 1082 X IS 2312, IS 18576 x IS 5622, and IS 18652 x IS 3962 are shown 
in Figures 8 to 14, respectively. When compared to the mean of their 
parents, all the F3 line distributions were shifted toward greater 
susceptibility. This shift was especially pronounced in the matings 
of IS 18576 x IS 5622 and IS 18652 x IS 3962, where most lines were 
more susceptible than either parent (Figures 13 and 14]. 
Transgressive segregation 
Fg lines identified as putative transgressive segregates included 
three from IS 18360 x Swarna, one from IS 1054 x IS 5604, and two each 
from IS 1054 x IS 5642 and IS 1082 x IS 5604. These lines, grown in 
the 1979 rainy season for verification of transgressive segregation, 
showed only one line of IS 1054 x IS 5642 with a DH% more than one 
standard deviation below the mean of the more resistant parent, and 
even that line was not significantly lower in UH%. The lack of trans­
gressive segregation indicates that little useful genetic diversity 
for DH% existed in the lines 1 studied. 
Means 
The means of Dll% for the parents and F3 lines for the seven mat­
ings that did not segregate for trichome presence are summarized in 
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Table 70. Obviously, the means for DH% of the lines from the 
IS 18576 X IS 5622 and IS 18652 x IS 3962 matings were significantly 
greater than those of either parent. The means for IS 1054 x 
IS 5642 and of IS 1082 x IS 2312 numerically (but not significantly) 
exceeded the more susceptible parent in each mating. The other three 
matings produced Fj lines whose means were intermediate to the parents 
in DH% but that approached the more susceptible parent. 
When the parent and Fg means were fitted by an unweighted genera­
tion means analysis, only IS 18630 x Swarna showed significant dif­
ferences among generations (IS 18576 x IS 5622 and IS 18652 x IS 3962 
were not analyzed), giving estimates of -3.41 and 7.5 for "a" and "d", 
respectively. The estimate for "d" was not quite significant, however, 
and fitting only the "a" paremeter resulted in non-significant devia­
tions from the model. 
Application of Results to Breeding for Shootfly Resistance 
Two parallel objectives are involved in breeding for shootfly 
resistance--the improvement of the resistance level of materials used 
as donor sources and the incorporation of resistance into agronomically 
desirable, high yielding lines or hybrids. 
Improving sources of resistance to shootfly 
The improvement of sources of resistance to shootfly is dependent 
on locating and combining alleles for resistance at different loci that 
will cumulatively provide greater resistance than that available in any 
Table 70. Number of lines tested, with means and standard errors (SE) of DH% (as angles) for 
parents and F3 lines from Experiments 8C3 and 18A-18F 
Exp Mating (PI X P2) 
PI P2 F3 
Mean n SE Mean n SE Mean n SE 
8C3 IS 18630 X Swarna 43.94 5 1.50 50.75 10 1.64 49.22 80 0.74 
18 A IS 1054 X IS 5604 24.38 6 2.59 22.65 6 2.93 24.18 50 0.90 
B IS 1054 X IS 5642 28.67 6 2.28 28.58 5 3.30 31.66 49 1.06 
C IS 1082 X IS 5604 27.80 5 3.03 29.25 6 1.65 28.91 50 0.97 
D IS 1082 X IS 2312 31.09 4 4.11 28.72 6 2.13 32.70 46 1.17 
E IS 18576 X IS 5622 25.69 6 3.74 25.20 6 2.76 38.86 18 2.55 
F IS 18652 X IS 3962 23.14 5 1.55 28.49 5 1.81 37.33 50 1.12 
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one source. When a trait is controlled by many loci, population breed­
ing offers the opportunity to pool several lines, each supposedly hav­
ing alleles at a different locus that contribute to improvement of the 
character. A trait that is controlled by few loci may be more effec­
tively enhanced by pedigree breeding. The number of loci involved in 
the inheritance of shootfly resistance in sorghum is not known, but 
certainly the sources of resistance included in my study offer little 
prospect of obtaining levels of resistance greater than those already 
available in a single parent. The lack of detectable transgressive 
segregation implies that without the identification of new sources 
of resistance which contain genes different from those possessed by 
the lines I studied, neither recurrent selection nor pedigree breeding 
is likely to be successful in obtaining resistance superior to that 
currently available. Consequently, high priority should be given to 
locating additional sources of resistance and verifying that their 
resistance is derived from genes different from those presently in use. 
Incorporation of resistance into desirable agronomic types 
The resistance levels of several lines (e.g. IS 5604, IS 1054, 
IS 1082, IS 2312) are much superior to any current commercially avail­
able variety or hybrid. Therefore, much can be done with present 
sources of resistance toward providing the farmer with high yielding 
varieties or hybrids that are less susceptible to shootfly than those 
now in use. Both population and pedigree breeding can contribute to 
that objective. 
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Population breeding Recurrent selection programs presently used 
in sorghum breeding at ICRISAT and elsewhere where shootfly is a problem 
should incorporate shootfly resistance into their base population with 
subsequent selection for this trait. The apparent importance of addi­
tive genetic effects indicates that advances from selection should be 
possible. Because dominance and possibly epistatic types of inheritance 
are also important, and because shootfly resistance is a difficult trait 
to measure adequately, selection would probably be most effective in the 
S2 generation. The programs which now use recurrent selection already 
rely heavily on S2 selection, so no change would be needed in this 
regard. 
Pedigree breeding The influence of dominance and epistatic 
types of gene action on the expression of shootfly resistance, and the 
difficulty in accurately evaluating the level of resistance present in 
a line argue that pedigree breeding may be more effective than popula­
tion improvement methods for incorporating shootfly resistance into 
high yielding lines. This is true because pedigree breeding concen­
trates selection resources on a few matings carefully chosen to have the 
greatest likelihood of success. My results argue for fairly simple 
inheritance with predominantly additive and dominance gene action for 
DH%, which is the basis for the detailed breeding strategy outlined 
herein and the genetic gains expected from using it. 
Initially, several of the most resistant sources would be mated 
with several of the best commercial varieties or lines that have least 
susceptibility to shootfly. In India, the latter parents probably would 
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be recently released varieties from the ALL India Coordainted Sorghum 
Improvement Project (AICSIP) or advanced breeding lines from ICRISAT. 
The progeny would be grown under insecticide protection. Extensive 
F2 populations from each mating (preferably 100,000 plants/mating) 
would be subjected to light to moderate shootfly attack (30-50%) and 
undamaged plants then selected, primarily on the basis of height, 
maturity, head type, appearance of the grain, resistance to diseases 
and other insects and other agronomic characteristics. If we assume 
that two genes each will be segregating for height and maturity, with 
the desired trait recessive at all four loci, effective selection for 
one locus for each of these two traits would save only l/64th of the 
plants. With perhaps one-half of the plants eliminated by shootfly, 
and 1/lOOth retained on the basis of agronomic characteristics, 500 Fg 
heads would be harvested. Leaf samples would be taken from these 
plants and only those with trichomes would be planted as F^  rows repli­
cated twice in one environment. Although normally one-fourth of the 
plants in the Fg would be trichomed, probably, of the plants remaining 
after a moderate shootfly infestation, 40% would be trichomed, result­
ing in the retention of 200 F^  families. These Fg families would be 
grown in F^  under moderate to heavy shootfly infestation (50-90% DH) 
and all but 20 eliminated on the basis of DH%. The poorest agronomic 
lines would be eliminated, with retention of ca. 10 lines/mating and 
five undamaged plants per line. The resulting SO F^  lines would be 
grown in moderate to heavy shootfly infestation in four replications 
at each of two locations (or, if not feasible, at least two planting 
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dates at the same location). Plants from the five most resistant lines 
would then be mated to another resistance source. Though the resistance 
in lines derived from this second mating should be considerably greater 
than in the first mating, the larger percentage of germplasm from the 
resistance sources would result in poorer agronomic characteristics. 
Consequently, more emphasis would have to be placed on recovering 
agronomically acceptable types. Since plants in this mating should 
be trichomed, those saved on the basis of being undamaged by shootfly 
(in a light to moderate infestation) and having the other desired 
characteristics would be carried on to the F^ , at which stage they 
would be tested under moderate to heavy shootfly infestation. If the 
resistance levels were only slightly more susceptible than that 
of the resistant parent, agronomic selection would take priority. In 
the F^  and later generations selection would continue to balance the 
dual objectives of good shootfly resistance and an agronomic type 
close to that desired for a commercial variety. Lines derived from 
these two cycles of crossing and selection would then be incorporated 
into high yielding populations and mated to released varieties or 
promising breeding stocks to more rapidly develop varieties suitable 
for release. 
The expected gains from such a breeding program can be predicted 
based on representative estimates of components of variance for exper­
imental error and genotype x environment interactions, and of additive 
and total genetic variance. With 100 plants/plot and good field 
2 husbandry, reducing the experimental error to 25 degrees should be 
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possible (explained more fully later). In Sets 3A-3F, herein, geno-
2 
type X environment variance components were 12.9 degrees for hybrids 
2 
and averaged 34.0 degrees for male and female parents. Fj lines 
would probably respond intermediate to these two groups, making 
25 degrees a plausible estimate. Based on the within-group variances 
of the trichomed and lines of IS 1054 x CK60 B and IS 5604 x 
2 CK60 B, a total genetic variance of 25 degrees was postulated, with 
60% being additive (based on the intragroup heritability estimates 
from those matings). The difference between the resistant and suscep­
tible parents would probably be near 25° at an intermediate level 
of shootfly attack, with the Fg slightly less susceptible than if suscep­
tibility were fully dominant--for instance, 18° more susceptible than 
the resistant parent. Retaining only trichomed Fg plants should give an 
improvement of about 6° (based on estimates of the effect of trichomes, 
along with a slight additional improvement from the shootfly selection 
in the Fg). Based on the hypothesized variances, the gain from a 10% 
selection intensity in the Fg would be 4.3°. This value was calculated 
by using the formula = k H, where is the expected gain from 
selection, k is the selection differential in standard deviation units, 
Og is the genetic standard deviation and h is the square root of herita­
bility (Hallauer and Miranda, 1981). If we assume an additional gain 
of 2-3° from selection within F^  lines and among and within F^  lines, 
the F^  plants that would be mated with the second resistant parent 
would have a DH% of 5-6° greater than that of the original resistant 
parent, and would presumably impart a fairly high level of resistance 
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to their offspring. Selection would continue for as many generations 
as necessary to stabilize the agronomic type in lines that possess the 
desired levels of resistance. In order to concentrate on matings 
which were yielding the most desirable lines, other matings could be 
eliminated or the amount of resources devoted to them could be reduced 
at any stage in the project. 
Field plot technique 
Error variance In Experiment 1, slightly more than two-thirds 
2 
of the error variance of 45 degrees could be accounted for by that 
expected as an artifact of binomially distributed data, leaving 14 
2 2 degrees which was due to other sources (Table 47). The 31 degrees 
associated with the binomial distribution was the result of a harmonic 
mean of slightly more than 26 plants/plot. Using 50 plants/plot would 
2 
reduce this part of the error variance to 16 for a total of 30 degrees , 
2 
while 100 plants would result in a total error variance of 22 degrees . 
Of course, if 100 plants were distributed over four replications in­
stead of one, the error variance would be even lower. However, within 
a replication, growing plants at a higher density would require 
little extra work or field space, since the effort involved in packag­
ing the seed, field layout, planting, field book preparation, data 
recording and analysis would not change. Only the counting of extra 
plants and thinning (if needed) would require more labor. However, if 
seed supply were a limiting factor, the researcher should use fewer 
seed per plot and more replications. The advantage of more plants/plot 
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would be marginal if the experimental area were not well managed and 
the counts accurate. 
Genotype x environment interaction In Sets 3A-3F, the inter-
set average for the interaction components of variance due to hybrids 
2 
and parents by environments was 12.91 and 34.04 degrees , respectively. 
In the proposed breeding strategy, the primary emphasis would be put on 
selection between lines in the Fg and in the F^ , so it seems reasonable 
2 to assume a line x environment component of ca. 25 degrees . Selec­
tion of this value is based upon the genetic nature of F^  and F^  lines 
which would cause them to be more stable than the parents, but probably 
less stable than the Fg populations. Detectable differences were 
2 2 
calculated according to the formula D (t^  + t^ )2 , where D is the 
2 difference being tested, is the standard error of the difference, 
t^  is the t-value for t^ j^  ggj where 3 = the desired probability of 
detecting a true difference of size D, and tj^  = t^ , with a = the 
desired level of significance. These detectable differences, along 
with expected heritabilities and genetic gains, are presented in 
Table 71, and clearly indicate the advantage of testing in more than 
one environment. Additional replications beyond two per environment 
give only slight improvements, especially where 100 plants/plot are 
used. 
Levels of infestation One question which arises regarding se­
lection for resistance to shootfly is "What level of infestation is 
most useful in identifying resistant lines?" In Figure 15, the DH% 
of the resistant and susceptible checks (IS 1054 and CSH-1, 
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Table 71. Expected variances, standard errors, detectable differences, 
heritabilities, and gains from selection among F3 families 
(family mean basis) for DH% with different numbers of 
plants/plot, replications, and environments. Estimates are 
based on representative values for variance components for 
error (a. 2 = = 25 or 50), genotype x environment (og^ e 
a 
2 _ 
additive = 15) and total genetic = 25) variances 
25), 
Env 
# 
25 plants/plot (oe^  = 50) 
Rep 
# Error 
vari­
ance 
SE 
Detect­
able 
differ­
ence* 
Ex­
pect­
ed I 
gam*-
100 plants/plot (oe^  = 25) 
Error 
vari- SE 
ance 
Detect­
able 
differ­
ence a 
Ex­
pect­
ed 
gain" 
1 2 50.00 7.07 32.42 0.20 3.91 37.50 6.12 28.07 0.24 4.29 
2 2 25.00 5.00 22.92 0.30 4.79 18.75 4.33 19.85 0.34 5.12 
2 4 18.75 4.33 19.85 0.34 5.12 15.63 3.95 18.12 0.37 5.32 
2 6 16.67 4.08 18.72 0.33 5.01 14.58 3.82 17.51 0.38 5.39 
3 2 16.67 4.08 18.72 0.36 5.25 12.50 3.54 16.21 0.40 5.53 
3 4 12.50 3.54 16.21 0.40 5.53 10.42 3.23 14.80 0.42 5.69 
3 6 11.11 3.33 15.28 0.42 5.64 9.72 3.12 14.29 0.43 5.75 
4 2 12.50 3.54 16.21 0.40 5.53 9.38 3.06 14.04 0.44 5.78 
4 4 9.38 3.06 14.04 0.44 5.78 7.81 2.80 12.81 0.46 5.92 
4 6 8.33 2.89 13.23 0.45 5.87 7.29 2.70 12.38 0.46 5.96 
6 2 8.33 2.89 13,23 0.45 5.87 6.25 2.50 11.46 0.48 6.06 
6 4 6.25 2.50 11.46 0.48 6.06 5.21 2.28 10.46 0.50 6.17 
6 6 5.56 2.36 10.81 0.49 6.13 4.86 2.20 10.11 0.50 6.20 
C^alculated for a 90% probability of detecting a difference of the 
magnitude shown, using a 5% level of significance. 
"^Selection intensity = 10%. 
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Figure 15. Comparison of DH% (as angles) of CSH-1 and IS 1054 at different levels of shootfly 
infestation. (Infestation Index = (DH% (CSH-1) + DH% (IS 1054))/2). Equations for the 
fitted curves are In (DH%/(90-DH%) = a + b (Index)). For CSH—l,_a = —1.6686, b = 
0.0536 and r = 0.91; for IS 1054 a = -3.2652; b = 0.0568, and r = 0.94 
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respectively), is plotted against the average DH% (as angles) of the 
two checks. The data conformed nicely to a logistic curve, as shown. 
The maximum difference between the checks occurred where their DH% 
averaged 45°, diminishing to half that difference by 80°. Consequently, 
for genetic studies I would suggest attempting to test material at 
approximately 50% DH (45°), while for breeding programs, a higher level 
would be desired to eliminate susceptible material. Even so, it 
appears that above 75° (93%) DH, differences would be obscured. At 
that level, however, so much material would be eliminated that it might 
be difficult to obtain agronomically desirable segregates, unless the 
size of the breeding population were immense. 
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SUMMARY AND CONCLUSIONS 
In all but one of ten sets of Design II matings among inbred 
sorghum lines representing several groups of breeding material, GCA 
variances exceeded SCA variances for DH%. This indicates that most 
variation among the sorghum hybrids was accounted for by the average 
effects of their parents. SCA variances were significant in three of 
the sets, indicating that non-additive gene action was present, how­
ever. In both sets in which reciprocals were evaluated, significant 
reciprocal effects were present. and hybrids had a greater mean 
DH% than their midparent values in both sets where male-sterile lines 
were mated with resistant lines, and F2 hybrids were more susceptible 
than their parents in one additional set. The differences in DH% among 
the parental, F^ , and F^  groups were consistent with partial dominance 
for susceptibility. Much of the error variance in my experiments was 
accounted for by the expected variance of binomially distributed data, 
revealing the need for larger numbers of plants per plot (100 rather 
than approximately 30 used in this study). The suggested increase 
in plant numbers should reduce the error variance by approximately 
half. Genotype x environment interactions, which were often significant, 
were larger for parents than for hybrids, being nearly proportional to 
the variance among genotype means. These interactions were of suffi­
cient magnitude to influence the effectiveness of selection. 
Non-additive gene action was found in three matings studied via 
generation mean analysis. A susceptible x susceptible mating 
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demonstrated dominance effects, whereas two resistant x susceptible mat­
ings exhibited either dominance or additive x additive epistasis, but 
the type of gene action that was operating could not be distinguished. 
Trichomes on the abaxial leaf lamina were inherited via a single 
genetic locus in all matings examined. Trichome density appeared to 
be quantitatively inherited in one mating, with a heritability of 0.75 
on a single plot basis. 
That trichomes (or closely linked factors or pleitrophic effects 
of the same loci) contributed significantly to shootfly resistance was 
shown in four matings in which significantly fewer plants of homogeneous 
trichomed Fg and F4 lines received eggs or showed deadhearts than did 
plants of homogeneous trichomeless lines. In fact, the difference be­
tween trichomed and trichomeless lines in mean DH% ranged from 19 to 93% 
of the difference between resistant and susceptible parents in various 
matings. Although the association of trichomes with shootfly resistance 
was clearly demonstrated, the exact mechanism whereby trichomes con­
tribute resistance is not yet known. The means of the parent, tri­
chomed, segregating, and trichomeless lines correspond best to a genetic 
model which included effects of loci with duplicate dominance for sus­
ceptibility, indicating that at least two additional loci were involved 
in shootfly resistance. Trichome density was examined as a possible 
factor in resistance, but correlations between trichome density and 
DH% were small and non-significant. 
On a two-replication basis, standard unit heritabilities for DH% 
were 0.24 and 0.36 for F4 on F3 lines of IS 1054 x CK60 B and IS 5604 x 
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CK60 B, respectively. These heritabilities were substantially reduced 
when trichomed, segregating, and trichomeless groups of lines were 
considered separately. 
In the Fj and lines examined from one susceptible x susceptible, 
five resistant X susceptible, and six resistant x resistant matings, no 
clear evidence was found that indicated transgressive segregation for 
increased resistance. Distributions from two of the resistant x resist­
ant matings were strongly skewed toward susceptibility with Fj means 
considerably higher for DH% than either parent. Other matings generally 
showed some tendency toward dominance of susceptibility, but often the 
difference between the mean of the derived lines and that of the mid-
parent values was not significant. 
A breeding strategy was proposed whereby agronomically elite lines 
or varieties would be mated with resistant lines. A large Fg popula­
tion would be screened under moderate shootfly infestation and selected 
for agronomic characteristics, trichome presence, and other, desired 
traits. F^  lines resulting from continued selection theoretically 
would be only 5-6° inferior to the resistant parent in DH% and would 
be mated to a different resistant parent and again selected in the Fg, 
F^  and F^ . Lines derived from the second mating should be agronomi-
cally acceptable and possess resistance to shootfly almost as great 
as the donor parents. These lines would be incorporated into breeding 
populations and pedigree selection programs as resistance donors. 
An argument was presented from the difference in DH% between 
resistant and susceptible checks that maximum differentiation among 
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lines with differing degrees of resistance occurs when the resistant 
and susceptible check have an average DH% of near 50%. DH percentages 
above 90 resulted in reduced effectiveness in distinguishing among 
lines. 
I would recommend further research to: 
(1) Identify additional sources of resistance to shootfly that possess 
genes different from those presently being used. 
(2) Identify the cause of large reciprocal differences in DH% in some 
matings. 
(3) Determine the mechanism of action of trichomes in enhancing 
resistance to shootfly. 
(4) Determine the inheritance of leaf sheath trichomes and their rela­
tionship to leaf blade trichomes. 
(5) Develop techniques to readily identify and/or measure the glossy 
leaf trait and to determine its inheritance and genetic relation­
ship (if any) to trichomes. 
(6) Identify the physiological factors that cause the glossy leaf 
appearance and determine the effects of these individual factors 
on shootfly resistance. 
(7) Develop methods to quantify antibiosis and identify factors in­
volved in this type of resistance. 
(8) Estimate genotype x environment interactions in segregating lines 
derived from crosses of elite material with resistant sources. 
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Table Al. Means of percentage DH (as angles) for individual and com­
bined environments for parents and hybrids of Experiment 
1--Set lA 
Females IS 1082 
Males 
IS 2312 IS 18576 EN 3332-2 Mean® 
Environment D8K 
Parents 65.9 70.6 64.4 74.6 70.4 
Kaffinum A 81.0 
Fl 75.8 74.5 80.5 78.9 76.4 
F2 73.0 69.8 81.7 81.8 74.9 
2219 A 83.1 
Fl 74.1 . 78.8 79.0 80.3 77.7 
P2 74.5 80.4 82.1 76.3 77.1 
3659 A 81.7 
Fl 76.9 74.0 78.8 80.1 77.0 
F2 . 76.8 76.5 77.0 71.8 75.0 
CK60 A° 83.0 
Fl 77.1 75.1 78.5 72.9 — — 
F2 80.4 73.6 81.5 79.3 
Mean® 81.9 
Fl 75.6 75.8 — — 79.8 77.0 
F2 74.8 75.6 - -  •  76.6 75.7 
CSH-1 = 82.8 IS 1054 = 71.7 Parental meaif = 76.2 
LSD (0.05) = 9.6 
Environment D8R 
Parents 42.2 35.2 50.1 59.9 45.8 
Kaffinum A 83.5 
Fl 67.0 72.2 65.6 73.6 70.9 
F2 66.7 67.3 76.1 69.0 67.7 
2219 A 71.3 
Fl 67.7 68.4 — — 70.7 69.0 
F2 68.4 67.1 81.6 71.6 69.0 
3659 A 77.3 
Fl 72.5 71.4 74.0 72.7 72.2 
F2 . 73.7 68.1 75.6 71.0 71.0 
CK60 A° 72.0 
Fl 70.6 — — 72.5 
F2 63.9 76.1 71.9 72.7 
Mean® 77.4 
Fl 69.1 70.7 - — 72.3 70.7 
P2 69.6 67.5 70.6 69.2 
CSH-1 = 78.1 IS 1054 = 52.6 Parental mean^  = 61.6 
LSD (0.05) = 8.3 
I^ncludes balanced set only. 
P^arent and progeny not included in balanced set of F^ s and F2S. 
216 
Table Al. (Continued) 
Females 
IS 1082 
Males 
IS 2312 IS 18576 EN 3332-2 
Mean& 
Environment I8R 
Parents 
Kaffiniun A 51.6 
28.3 25.8 2 6 . 6  26.9 27.0 
Fl 41.9 38.2 39.2 42.7 40.9 
Fz 33.8 35.4 44.7 43.8 37.7 
2219 A 40.6 
Fl 41.8 39.7 42.8 41.4 
F2 39.6 45.4 47.0 40.6 41.9 
3659 A 49.9 
Fl 41.0 46.4 46.7 43.5 43.6 
F2 , 36.5 46.3 39.2 42.7 41.8 
CK60 A° 46.9 
Fl 42.5 — — 44.0 
F2 45.4 37.9 46.0 40.4 — — 
Mean® 47.3 
Fl 41.6 41.4 — — 43.0 42.0 
F2 36.6 42.4 42.4 42.4, 
CSH-1 = 43. 7 IS 1054 = 18.5 Parental mean* = 37.2 
LSD (0.05) for parents = 9.2; for hybrids = 8.9 
Environment P8R 
Parents 29.5 18.1 34.0 40.2 29.3 
Kaffinum A 65.8 
Fl 51.4 62.2 50.0 66.9 60.2 
F2 46.5 56.0 — — 50.8 51.1 
2219 A 65.7 
Fl 60.2 53.2 — — 63.3 58.9 
Fg 53.5 44.1 61.8 54.2 50.6 
3659 A 66.6 
Fl 58.7 47.1 61.0 65.8 57.2 
F2 . 48.9 59.4 72.0 54.9 54.4 
CK60 fiP 61.9 
Fl 52.2 — — 55.8 
F2 53.7 50.4 58.9 57.9 - -
Mean®- 66.0 
Fl 56.8 54.2 — — 65.3 58.7 
F2 49.6 53.2 53.3 52.0 
CHS-1 = 74. 2 IS 1054 = 29.0 Parental mean^  = 47.6 
LSD (0.05) = 10.9 
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Table Al. (Continued) 
Females 
IS 1082 
Males 
IS 2312 IS 18576 EN 3332-3 Mean* 
Combined environments 
Parents 
Kaffinum A 70.4 
Fl 
F2 
2219 A 65.2 
Fl 
P 2  
3659 A 68.8 
Fl 
F2 , 
CK60 Ab 66.0 
Fl 
F2 
Mean& 68.2 
Fl 
CSH-1 = 69.7 
41.5 37.4 43.8 50.4 43.1 
59.0 61.8 58.7 65.5 62.1 
55.0 57.1 
- - 61.4 57.8 
61.0 60.1 74.4 64.3 61.8 
59.0 59.3 68.1 60.7 59.7 
62.3 59.7 65.1 65.5 62.5 
59.0 62.6 66.0 60.1 60.6 
60.6 62.7 
60.8 57.3 64.6 62.6 
60.8 60.5 65.1 62.1 
57.7 59.7 60.7 59.3 
IS 1054 = 43.0 Parental mean^  = 55.6 
= 11.8; for hybrids = 5.5 
Table A2. Combined analysis of variance for DH% (as angles) for Experiment 1—Set lA 
MS 
no. 
Source df MS F-test denom. 
1 Env 3 18257.83** MS 19 
2 Rep (Env) 8 592.06** 35 
3 Entries 2 3  670.95** 19 
4 Parents 5 2506.61** 20 
5 Females (F) 2 86.38 21 
6 Males (M) 2 528.19+ 22 
7 F vs M 1 11303.91* 23 
8 Hybrids 17 87.98* 24 
9 Fl 8 73.12 I f  
10 F 2 4.94 f l  
11 M 2 240.35** t t  
12 F X M 4 23.60 I I  
13 F2 8 61.57 t t  
14 F 2 69.83 t t  
15 M 2 86.28 t t  
16 F X M 4 45.08 t t  
17 FJ VS F2 1 418.18** t t  
18 P vs H 1 1403.06+ 34 
19 Entries x Env 69 81.71** 35 
20 P X Env 15 184.18** 36 
21 F X Env 6 44.20 37 
22 M X Env 6 128.16+ 38 
23 (F vs M) X Env 3 576.20* 39 
+,*,**P = 0.1, 0.05, and 0.01, respectively, : 
MS 
no. 
Source df M c  F-test MS j denom. 
24 H X Env 51 44.97+ 40 
25 Fl X Env 24 39.76 I I  
26 F X Env 6 20.57 t t  
27 M X Env 6 48.98 t t  
28 F X M X Env 12 44.75 t t  
29 F2 X Env 24 44.24 t t  
30 F X Env 6 20.21 I I  
31 M X Env 6 27.28 I I  
32 F X M X Env 12 64.73* I I  
33 (Fl X F2) X Env 3 92.46* I I  
34 (P vs H) X Env 3 193.94 41 
35 Entry x Rep (Env) 183 39.20** 42 
36 P X Rep(Env) 40 50.99* 43 
37 F X Rep(Env) 16 24.22 t t  
38 M X Rep(Env) 16 56.02* t t  
39 (F vs M) X Rep (Env) 8 94.45** t t  
40 H X Rep(Env) 135 33.64* 46 
41 (P vs H) X Rep (Env) 8 74.05** 42 
Theoretical error of binomial distribution 
42 
43 
44 
45 
46 
Entry 
Parents 
F 
M 
Hybrids 
28.86 
32.24 
29.88 
35.65 
27.74 
Table A3. Analysis of variance of DH% (as angles) for individual environments of Experiment 1— 
Set lA 
Environment 
MS df D8K D8R I8R P8R 
no. 
w V U i V C  
mc F--test F--test F--test F-•test 
denom. denom. denom. denom. 
MS MS MS MS 
1 Rep 2 364.95** 18 26.50 18 1895.96** 18 81.18 18 
2 Entry 23 54.94+ t l  301.72** t l  128.27** I I  431.15** I f  
3 Parents 5 144.11** f l  1136.18** I I  415.93* 19 1362.95** I I  
4 Females {F) 2 3.62 I t  110.26* I I  104.41 I t  0.68 f l  
5 Males (M) 2 56.28 f t  483.82** 4.82 I I  367.76** f l  
6 F vs M 1 600.72** f t  4492.72** I I  1861.20** I f  6077.85** f l  
7 Hybrids 17 31.92 f t  18.02 I I  38.22 20 134.74** I I  
8 Fl 8 19.67 I t  17.27 I I  16.37 f l  139.10** I I  
9 F 2 4.12 I t  23.85 t l  18.48 I t  20.21 11 
10 M 2 49.82 t l  24.17 I I  6.71 I f  306.58 I I  
11 F X M 4 12.36 t l  10.53 11 20.15 I t  114.81* 18 
12 8 44.89 t l  17.32 I t  60.77 I t  71.30 I I  
13 h 2 13.37 15 24.61 I t  53.58 I I  38.90 15 
14 M 2 7.55 I t  22.01 I t  99.12+ f t  39.46 I I  
15 F X M 4 79.33+ 18 11.34 I I  45.19 f t  103.42+ 18 
16 Fj vs F2 1 26.12 I t  29.53 I t  32.60 I f  607.31** I I  
17 P vs H 1 0.51 I t  952.48** I I  220.82 21 811.08** I I  
18 Entiy x Rep& 46 33.76 22 25.65 22 54.08** 22 43.61 22 
19 P X R 10 47.75+ 23 16.91 23 94.64** 23 44.45 23 
20 H X Ra 34 27.45 24 28.74 24 36.67 24 41.78 24 
21 (P vs H) X R 2 71.21 25 16.73 25 138.59 25 70.68 25 
Theoretical error of binomial distribution 
22 Entry 26.10 26.26 24.95 38.35 
23 Parents 28.08 27.51 31.39 42.06 
24 Hybrids 25.44 25.84 22.81 37.11 
%ue to a missing plot in I8R, MS.18 and MS 20 actually had 1 df less than indicated. 
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Table A4. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1--Set lA 
Group component' 
e^ ®EntxEnv ®Ent^  
All entries 28.86 10.33** 39.20** 14.17** 49.10** 
Parents 32.23 18.75** 50.99** 44.39** 193.54** 
F 29.88 -5.66 24.22** 6.66 3.52 
M 35.65 20.37* 56.02* 24.05+ 33.34+ 
F vs M 32.23 21.86** 94.46** 55.79* 297.99* 
Hybrids 27.74 5.90* 33.64* 3.78+ 3.58* 
Pi t f  I I  I I  2.04 2.35 
F M  I I  I I  -1.45 -1.11 
M I f  I I  I I  1.70 5.43** 
F xM I t  I I  I I  3.70 -1.78 
Fg t l  I I  I I  3.53 1.38 
F U  I I  I I  -1.49 0.69 
M 11 I I  I I  -0.71 1.15 
FxM I I  I I  I I  10.37 0.01 
Fi vs F2 M  t l  I t  2.18* 3.46** 
P vs H 28.86 5.02** 74.05** 4.44 11.20+ 
S^ubscripts identifying the variance components are explained 
in Table 6. 
Table A5. Components of variance of DH% (as angles) from individual environments of Experiment 
1—Set lA 
n Environment .  ^ _a Environment 
Component d8R I8R P8R Component ogR D8R I8R P8R 
Sd^  26.10 26.26 24.95 38.35 SH^  -0.61 -2.54 -0.52 30.74** 
Sdp2 28.08 27.51 31.39 42.06 SFl^  -4.70 -2.79 -6.77 31.83** 
SdH^  25.44 25.84 22.81 37.11 SF(Fl)2 -3.29 -0.20 -2.02 -•10.51 
SM(Fl)2 1.78 -0.16 -3.33 21.31 
Sp2 7.66 -0.61 27.96** 5.26 spxMCFi) -7.13 -5.04 -5.51 23.73** 
Spp2 19.66+ -10.61 63.25** 2.39 SF2^  3.71 -2.78 8.03 9.23 
SpH^  2.00 2.90 12.78 4.66 SF(F2)^  -7.33 -0.12 1.88 -7.17 
Sp(P VS 5.01 -1.06 12.63 3.59 SM(F2)^  2 -7.98 -0.40 6.94+ -7.11 
SFXM(F2) 2 15.19+ -4.77 2.84 19.94+ 
Sef 33.76 25.65 54.08** 43.61 Spl vs F2 0.77 0.14 -0.15 20.88** 
Sepf 47.75+ 16.91 94.64** 44.45 2 vs P -1.23 34.33** 6.18 28.42** 
2 SeH 27.45 28.74 36.67 41.78 
®e(P vs 
2 
H) 71.21 16.73 138.59 70.68 
SENT^  7.06+ 92.02** 25.12** 129.18** 
sp2 36.78** 370.18** 107.10* 439.78** 
SF(P)^  -10.05 28.20* 3.26 -14.31 
SM(P)2 7.51 152.72** -29.94 108.05** 
sp vs M 2 62.94** 496.34*^  196.20** 670.47** 
S^ubscripts identifying the variance components are explained in Table 6. 
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Table A6. Means of percentage DH (as angles) for individual and com­
bined environments for parents and hybrids of Experiment 
1--Set IB 
Males 
Females IS 18652IS 18584»IS 5622 IS 5642a Mean^  
Environment D8K 
Parents 
10250 A® 79.9 
10428 A 
Fl 
F2  ^
10511 
Fl 
F2 
RCF Ba,c 
Fl 
Mean'' 
Fl 
F2 
CSH-1 = 77.6 
LSD (0.05) = 9.4 
79.6 
80.8  
80 .1  
8 0 . 2  
79.8 
60.6 68.9 
79.5 
77.4 75.6 
75.8 
76.1 76.6 
80.7 
73.1 
71.3 76.8 
75.6 
78.3 
76.8 76.1 
IS 1054 =61.9 
77.4 
76.4 
80.5 
79.4 
79.1 
73.1 
73.0 
.79.8 
77.9 
73.8 
81 .0  
78.3 
79.7 
79.7 
79.7 
74.0 
79.6 
Fl 
F2 
69.0 
70.1 
77.6 
78.2 
77.6 
79.9 
Parental mean' b. 
F2 
79.3 
77.6 
74.6 
73.4 
78.9 
80 .8  
Environment D8R 
Parents 
10250 A® 75.3 
Fl 
F2 
10428 A 
Fl 
F2 
10511 A^  
RCF 73.7 
Ji 
Fl 79.8 
F2 77.1 
CSH-1 = 76.7 
LSD (0.05) = 10.6 
41.7 33.5 
67.1 
62.3 65.0 
79.5 
55.3 63.8 
67.8 
71.7 
70.1 
73.7 
58.8 64.4 
IS 1054 = 47.6 
51.7 
63.8 
66.9 
66.9 
76.5 
58.5 
71.7 
65.3 
50.4 
69.3 
61.7 
64.4 
65.5 
68 .8  
F2 
46.7 
44.3 
65.1 
73.2 
61.9 
72.2 
65.5 
Parental meanb; Fl 
F2 
P^arent and its progeny not included in balanced set of FjS. 
I^ncludes balanced set only. 
Gparent and its progeny not included in balanced set of F2S. 
72.7 
62.4 
63.3 
55.2 
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Table A6. (Continued) 
Females 
Males 
IS 18652 IS 18584» IS 5622 IS 5642* Meant 
Environment I8R 
10250 A»" 
Fl 
P2 
10428 A 
Fl 
F2 c 
10511 A 
RCF B 
Fl 
. Fzt 
Mean"-
Fl 
F2 
Parents 
42.0 
a.c 
44.3 
50.1 
65.1 
47.2 
43.2 
CSH-1 = 47.1 
LSD (0.05) = 12.4 
36.5 
50.4 
38.2 
48.7 
41.9 
45.5 
43.1 
46.2 
47.1 
40.1 
IS 1054 
19.2 
45.2 
46.0 
45.6 
23.3 
30.2 
41.6 
50.8 
43.2 
47.2 
44.2 
49.0 
42.4 
Fl 33.3 
29.7 F2 28.9 
36.5 
41.0 
47.5 
49.2 
43.3 
39.9 
40.9 
49.7 
43.0 
46.3 
48.0 
42.0 
Parental mean^ : Fj 40.3 
F2 33.7 
Environment P8R 
10250 A» 
10428 A 
Fl 
F2 
10511 AC 
Fl 
F2 a,c 
RCF B 
Fl 
F2. 
Mean" 
Fl 
Fo 
Parents 
76.7 
61.5 
74.8 
75.8 
68.1 
69.1 
CSH-1 = 72.8 
LSD (0.05) = 12.8 
32.6 
65.7 
59.8 
62.3 
49.9 
76.9 
50.4 
50.2 
69.6 
54.8 
IS 1054 
29.7 
50.6 
48.7 
49.7 
35.7 
33.0 
50.6 
61.4 
42.6 
60.9 
52.1 
6 1 . 2  
46.6 
42.9 
60.5 
54.0 
73.0 
58.0 
64.7 
57.2 
Fl 32.8 
F2 34.5 
55.2 
61 .8  
48.8 
68.9 
Parental mean 
65.4 
51.3 
Fl 50.4 
F2 46.0 
224 
Table A6. (Continued) 
Females 
Males 
IS 18652 IS 18584% IS 5622 IS 5642a Mean'' 
Combined environments 
10250 
Fl 
F2 
10428 A 
Fl 
F2 a c 
10511 A ' 
Fl 
Fz 
RCF AG 
Fl 
Meanb 
Fl 
Parents 
68.5 
66 .1  
71.6 
73.7 
68 .8  
67.3 
42.8 
65.7 
59.4 
66 .6  
55.8 
67.7 
59.6 
59.4 
67.2 
57.6 
37.8 
59.1 
58.8 
58.9 
48.1 
58.1 
64.9 
58.0 
65.9 
57.0 
65.4 
58.0 
49.2 
62.4 
58.7 
66 .2  
63.1 
62.7 
60.6  
Fl 
F2 
45.5 
44.5 
59.7 
65.7 
57.8 
66 .8  
66 .3  
57.8 
CSH-1 = 68.5 IS 1054 = 42.1 
LSD (0.05) = 12.5 for parents; 6.8 for hybrids 
Parental mean : Fj 57.2 
52.1 
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Table A7, Analysis of variance of DH% (as angles) for combined 
environments of parents, Fjs and F~s of Experiment 1— 
Set IB 
MS 
no 
Source 
Fl P2 
df MS F-test denom. df MS denom. 
1 Env 3 4718.58** MS 13 3 10615.19** MS 13 
2 Rep (Env) 8 72.05 23 8 137.52** 23 
3 Entry 7 1281.25** 13 13 882.96** 13 
4 Parents (P) 3 2305.50** 14 5 1869.07** 14 
5 Females (F) 1 184.97 15 1 34.95 15 
6 Males (M) 1 163.98 16 3 329.47 16 
7 F vs M 1 6567.56* 17 1 8321.99* 17 
8 Hybrids (H) 17.12 18 7 40.07 18 
9 Females 1 14.58 I I  1 86.53 19 
10 Males 1 36.74 I I  3 40.50 20 
11 F X M 1 0.05 I I  3 24.16 21 
12 P vs H 1 2000.88* 22 1 1852.62** 22 
13 Entry x Env 21 157.91** 23 39 111.22** 23 
14 P X Env 9 233.53** I I  15 211.96** I I  
15 Fx Env 3 46.33 I I  3 112.80+ I t  
16 M X Env 3 159.13* I I  9 100.35+ 11 
17 (F vs M) x Env 3 495.15** I I  3 645.95** I I  
18 H X Env 9 103.36* I I  21 49.50 I I  
19 F X Env 3 60.83 21 3 85.94 I I  
20 M X Env 3 68.60 I I  9 72.09 I I  
21 F X M X Env 3 180.66** 23 9 14.77 I t  
22 (P vs H) X Env 3 94.68+ I I  3 39.59 I t  
23 Entry x Rep (Env) 56 40.26** 27 104 50.96** 27 
24 P X Rep (Env) 24 45.78 28 40 57.53 28 
25 H X Rep (Env) 24 38.21 29 56 40.45 29 
26 (P vs H) X Rep (Env) 8 29.82 27 8 91.59 27 
Theoretical error of binomial distribution 
27 Entry 26.30 28.65 
28 Parents 30.15 30.62 
29 Hybrids 22.45 27.18 
Table A8. Analysis of variance of DH% (as angles) for individual environments of parents and 
hybrids of Experiment 1—Set IB 
MS Source df D8K D8R I8R P8R 
no. F-test F-test „ F-test F-test 
denom. denom. denom. denom. 
Fl analysis 
MS MS MS MS 
1 Rep 2 56.57 12 13.74 12 95.49 12 122.40+ 12 
2 Entry 7 138.74* 12 619.42** 12 156.36+ 12 840.45** 12 
3 Parents (P) 3 269.01** 1148.84** I t  229". 99* I I  1337.74** t l  
4 Females (F) 1 2.13 I I  5.37 I t  50.75 I I  265.70* 1 1  
5 Males (M) 1 426.92** I I  149.31+ I I  60.84 0.28 I t  
6 F vs M 1 378.00** I I  3291.84** I t  578.38** I I  3747.25** f t  
7 Hybrids (H) 3 15.38 I I  118.87+ I I  14.98 I I  177.99* I t  
8 Females 1 8.95 I I  3.16 10 34.25 I I  150.71 10 
9 Males 1 7.17 I I  11.90 I I  10.51 I I  212.95 I I  
10 F X M 1 30.00 I I  341.56** 12 0.18 I I  170.36+ 12 
11 P vs H 1 118.03+ I I  532.82** I f  359.64* I I  1335.97** I I  
12 Entry x Rep 14 33.17 13 37.78+ 13 58.11** 13 37.12 13 
Theoretical error of binomial distribution 
13 28.67 22.43 20.80 33.31 
Table A8. (Continued) 
MS 
no. 
Source df DSK D8R I8R P8R 
F2 analysis^  
1 Rep 2 37.24 33.45 243.11* 236.28 
2 Entry 13 85.04* 463.67** 166.48** 501.44** 
3 Parents (P) 5 169.52** 994.27** 257.99** 1083.17** 
4 Females (F) 1 0.11 18.72 7.88 346.62* 
5 Males (M) 3 159.56** 215.58** 155.30+ 100.08 
6 F vs M 1 368.79** 4305,88** 816.18** 4769.01** 
7 Hybrids 7 10.42 51.03 22.91 104.21 
8 Females 1 0.00 60.43 26.80 257.12+ 
9 Males 3 14.37 60.31 42.28 139.81 
10 F X M 3 9.94 38.62 2.26 17.64 
11 P vs H 1 185.00* 699.20** 713.86** 373.35* 
12 Entry x Rep 26 32.34 43.18* 55.95** 72.35** 
Theoretical error of binomial distribution 
13 Entry 31.56 24.88 23.04 35.16 
I^n the F2 analysis MS 13 was used as the denominator for the F-test of MS 12, and MS 12 
was used as the denominator for the F-test of all other sources of variation. 
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Table A9. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set IB 
Component® 
Group 
Se' 2 E^ntxEnv SEnt^  
îi 
Entry 26.30 13.95** 40.26** 39. 22** 93. 61** 
Parents (P) I I  I I  I I  64. 43** 172. 66** 
Females (F) M  I I  I I  2. 02 11. 55 
Males (M) I I  I I  I I  39. 62* 0. 40 
F vs M I I  I I  I I  75. 82** 253. 02 
Hybrids (H) I I  I f  I I  21. 04* -7. 19 
Females I I  I I  I I  -19. 97 -3. 70 
Males I I  I I  I I  -18. 68 -2. 78 
F X M I I  I I  I I  46. 80** -8. 61 
P vs H I I  I I  I I  4. 54 39. 71 
!i 
Entry 28.65 22.31** 50.96** 20. 09** 64. 31** 
Parents (P) 30.62 26.91** 57.53** 53. 61** 138. 09** 
Females (F) I I  I I  I I  20. 61+ -6. 49 
Males (M) I I  I I  I I  16. 47+ 19. 09 
F vs M I I  I I  I I  74. 37** 239. 88* 
Hybrids (H) 27.18 9.83 40.45 -0. 48 -0. 79 
Females M  I I  I I  2. 92 0. 01 
Males I I  I I  I I  3. 52 -1. 32 
F X M I I  I I  I I  -12. 06 0. 78 
P vs H 28.65 9.18** 91.59** -0. 55 22. 03** 
S^ubscripts identifying the variance components are explained 
in Table 6. 
Table AlO. Components of variance of DH% (as angles) from the individual analysis of Experiment 
1—Set IB 
Component 
Fl 
D8K 
28.67 
4.48 
33.17 
D8R 
22.43 
15.35+ 
37.78+ 
I8R 
20.80  
37.31** 
58.11** 
P8R 
33.31 
3.81 
37.12 
D8K 
31.56 
0.79 
32.34 
D8R 
24.88 
18.30* 
43.18* 
I8R 
23.04 
32.91** 
55.95** 
P8R 
35.16 
37.19** 
72.35 
SEnt 
SpZ 
SF(P)^  
s 2 
M(P) 
Sp vs M 
Sf(H)^  
SM(H)^  
sp X 
sp vs 
35.19* 
78.61** 
-10.35 
131.25** 
114.94** 
-5.93 
-4.04 
-4.33 
-1.06 
7.07+ 
193.88** 
370.35** 
-10.80 
37.18+ 
542.34** 
27.87+ 
-56.40 
-54.94 
101.26** 
41.25** 
32.75+ 
57.29* 
-2.46 
0.91 
86.71** 
-14.38 
-3.98 
-7.93 
-19.31 
25.13** 
267.78** 
433.54** 
76.19* 
-12 .28  
618.35** 
46.95* 
-3.28 
7.10 
44.41+ 
108.24** 
17.57* 
45.73** 
-10.74 
42.41** 
42.06** 
-7.31 
-2.70 
-2.99 
-7.47 
7.42* 
140.16** 
317.03** 
-8.15 
57.47 
532.84** 
2 . 6 2  
1.44 
2.86 
-1.52 
31.89** 
36.84** 
67.35** 
-16.02 
33.12+ 
95.03** 
-11.01 
-2.43 
-2 .28  
-17.90 
31.98** 
143.03** 
336.94** 
91.42* 
9.24 
587.08** 
10.62 
15.40+ 
11.24 
-18.24 
14.63* 
S^ubscripts identifying the variance components are explained in Table 6. 
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Table All. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1—Set 2A 
P2 
PI IS 5604 IS 2312» IS 5622 IS 5642a Meanb 
Environment D8K WOR 72.0 
Parents 72.6 66.3 72.6 76.3 WR 72.6 
IS 1054 72.3 . 
PI X P2 70.1 71.2 72.2 66.7 WOR 70.1 
P2 X PI 72.2 65.0 63.7 - - WR 69.6 
IS 1082 65.2 
PI X P2 67.8 64.7 69.5 73.6 WOR 68.9 
P2 X PI 75.7 — — 69.0 73.6 WR 70.5 
IS 18576 65.6 
PI X P2 78.5 76.4 68.5 79.7 WOR 75.8 
P2 X PI 80.6 — — 77.2 73.8 WR 76.2 
EN 3332-2* 75.0 
PI X P2 67.9 71.4 68.5 73.9 WOR 70.4 
P2 X PI 73.0 78.0 69.5 71.6 WR 69.6 
Meanb 
WOR 69.5 71.1 70.9 69.7 73.4 71.3 
WR 67.7 74.1 70.0 - - 72.1 
CSH-1 = 78. i IS 1054 = 67.4 Parental mean^  WOR 70.7 
LSD (0.05) = 8.7 
Environment D8R WOR 48.4 
Parents 50.7 47.1 44.8 51.1 WR 47.7 
IS 1054 55.0 
PI X P2 48.7 51.3 53.9 55.9 WOR 52.4 
P2 X PI 60.9 54.4 44.5 - — WR 52.0 
IS 1082 51.4 
PI X P2 52.0 43.8 53.1 54.3 WOR 50.8 
P2 X PI 48.4 — — 42.6 52.8 WR 49.0 
IS 18576 48.5 
PI X P2 62.4 64.2 66.9 68.7 WOR 65.5 
P2 X PI 63.5 — — 55.5 49.1 WR 62.1 
EN 3332-2* 59.7 
PI X P2 50.1 53.1 53.3 57.8 WOR 53.6 
P2 X PI 46.0 55.8 46.9 52.2 WR --
Mean^  
WOR 53.7 53.3 53.1 56.8 59.2 55.6 
WR 51.7 56.0 - - 52.7 -  - 54.4 
CSH-1 = 73. 5 IS 1054 = 51.4 Parental mean^  WOR 51.0 
LSD (0.05) =11.2 WR 50.1 
P^arent and progeny not included in balanced set of parents and 
hybrids with reciprocals. 
M^eans identified as "WOR" and "WR" are of the balanced set of 
parents and hybrids without reciprocals and of the balanced set of 
parents and hybrids with reciprocals averaged, respectively. 
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Table All. (Continued) 
P2 
PI IS 5604 IS 2312% IS 5622 IS 5642» Mean" 
Environment I8R WOR 24.6 
Parents 30.4 27.7 23.8 16.5 WR 27.1 
IS 1054 39.6 
PI X P2 24.0 27.5 31.2 30.6 WOR 28.3 
P2 X PI 28.3 30.4 16.8 — — WR 25.1 
IS 1082 22.2 
PI X P2 22.4 19.5 24.9 21.4 WOR 22.1 
P2 X PI 35.7 — — 19.4 22.5 WR 25.6 
IS 18576 34.1 
PI X P2 42.7 36.2 48.0 44.4 WOR 42.8 
P2 X PI 38.6 — — 40.7 23.0 WR 42.5 
EN 3332-2% 30.0 
PI X P2 26.3 29.2 35.4 27.5 WOR 29.6 
P2 X PI 25.2 27.9 27.2 29.0 WR — 
Meanb 
PI X P2 31.5 28.8 28.1 34.9 31.0 30.7 
P2 X PI 31.9 32.0 30.2 31.1 
CSH-1 = 49. 7 IS 1054 = 24.7 Parental meanb WOR 28.0 
LSD (0.05) = 11.6 WR 30.0 
Environment P8R WOR 32.5 
Parents 26.7 31.6 29.0 42.6 WR 27.9 
IS 1054 49.4 
PI X P2 29.2 41.1 37.1 48.1 WOR 38.9 
P2 X PI 41.2 47.3 26.8 - — WR 33.6 
IS 1082 46.2 
PI X P2 32.4 36.2 31.6 44.4 WOR 36.2 
P2 X PI 33.2 — — 32.4 38.8 WR 32.4 
IS 18576 41.0 
PI X P2 40.6 45.0 46.5 57.1 WOR 47.3 
P2 X PI 43.6 — — 41.4 32.2 WR 43.0 
EN 3332-2* 38.2 
PI X P2 36.9 41.5 42.1 40.5 WOR 40.2 
P2 X PI 26.5 35.5 29.6 41.5 WR — 
Mean^  
WOR 43.7 34.8 40.9 39.3 47.5 40.6 
WR 45.5 36.7 36.0 36.3 
CSH-1 = 69. 6 IS 1054 = 44.5 Parental mean^  WOR 38.1 
LSD (0.05) = 13.1 WR 38.5 
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Table All. (Continued) 
P2 
PI IS 5604 IS 2312* IS 5622 IS 5642a Mean" 
Combined environments WOR 44.4 
Parents 45.1 43.2 42.5 46.6 WR 43.8 
IS 1054 54.1 
PI X P2 43.0 47.8 48.6 50.3 WOR 47.4 
P2 X PI 50.7 49.3 38.0 — — WR 45.1 
IS 1082 46.3 
PI X P2 43.6 41.0 44.8 48.4 WOR 44.5 
P2 X PI 48.3 — — 40.9 — — WR 44.4 
IS 18576 47.3 
PI X P2 56.0 55.4 57.5 62.5 WOR 57.8 
P2 X PI 56.6 — — 53.7 — — WR 55.9 
EN 3332-2% 50.7 
PI X P2 45.3 48.8 49.8 49.9 WOR 48.5 
P2 X PI 42.7 51.9 w. — — —• WR — M 
Meanb 
WOR 49.6 47.0 48.3 50.2 52.8 49.5 
WR 49.2 49.7 — — 47.2 - — 48.5 
CSH-l = 67.7 
LSD (0.05) = 8.5 
IS 1054 = 47.0 Parental mean^  WOR 47.0 
WR 47.0 
Table A12. Combined analysis of variance of DH% (as angles) for Experiment 1—Set 2A 
MS 
no. 
Source df MS F-test denom. 
MS 
no. 
Source df MS ^^ test denom. 
1 Env 3 16854.09** MS 20 25 H X Env 33 52.50 39 
2 Rep CEnv) 8 273.02** 37 26 PC X Env 15 54.95 I I  
27 PI X Env 6 92.31 I I  
3 Entries 16 414.82** 20 28 P2 X Env 3 20.75 1 1  
4 Parents (P) 4 223.70 21 29 PI X P2 X Env 6 34.70 I I  
5 PI 2 218.15 22 30 Rec X Env 18 50.46 I I  
6 P2 1 38.65 23 31 Avg Diff X Env 3 55.65 32 
7 PI vs P2 1 419.85 24 32 Rec X PC 15 49.42 39 
8 Hybrids (H) 11 514.38** 25 33 Rec X PI 6 65.12 I I  
9 Parental comb (PC) 5 864.50+ 13 34 Rec X P2 3 45.52 I I  
10 PI 2 2022.85* I t  35 Rec X PI X P2 6 35.67 I t  
11 P2 1 220.42 I t  36 (P vs H) X Env 3 77.17 40 
12 PI X P2 2 28.19 I t  
13 Reciprocals 6 222.62** 25 37 Entry x Rep (Env) 128 48.05** 41 
14 Avg Diff 1 30.22 15 38 P X Rep (Env) 32 40.59 42 
15 Rec X PC 5 261.10** 25 39 H X Rep (Env) 88 48.63** 43 
16 Rec X PI 2 14.72 18 40 (P vs H) X Rep (Env) 8 71.61* 41 
17 Rec X P2 1 967.96 1 1  
18 Rec X PI X P2 2 154.06+ 25 Theoretical error of binomial distribution 
19 P vs H 1 84.09 36 41 All Entries 30.99 
42 P 33.38 
20 Entry x Env 48 68.50+ 37 43 H 30.00 
21 P x Env 12 110.33* 38 
22 PI X Env 6 51.30 I I  
23 P2 X Env 3 28.11 I I  
24 (PI vs P2) X Env 3 310.60** I t  
Table A13. Analysis of variance of DH% (as angles) for individual environments of Experiment 1— 
Set 2A (with reciprocals) 
Environment 
MS D8K D8R I8R P8R 
no. F-test ™ F-test F-test F-test MS . MS , MS , MS , denom. denom. denom. denom. 
MS MS MS MS 
1 Rep . 2 268.03** 19 415.53** 19 119.41 19 289.11* 19 
2 Entry 16 66.89* 19 146.54** 19 246.29** 19 160.60* 19 
3 Parents 4 45.47 T f  42.69 I t  155.93** 20 310.60** t l  
4 PI 2 48.29 ! t  32.03 I t  237.38** t t  54.36 t f  
5 P2 1 0.00 f t  51.18 I I  64,13+ I t  7.68 f t  
6 PI vs P2 1 85.32+ I T  55.53 I t  84.82+ 11 1125.99** t t  
7 Hybrids 11 75.08* t t  180.07** I I  300.45** 21 116.29+ f t  
8 Parent Comb (PC) 5 98.92 12 249.24 12 510.53+ 12 170.67 12 
9 PI 2 155.49 I I  562.67+ I I  1176.84* 11 404.77* f t  
10 P2 1 153.63 n 95.36 11 29.09 11 4.58 I I  
11 PI X P2 2 14.99 t t  12.75 11 84.93 I t  19.61 I t  
12 Reciprocal 6 55.21 19 122.42* 19 125.39 21 71.00 19 
13 Avg Diff 1 35.01 14 115.28 14 46.45 14 0.41 14 
14 Rec X PC 5 59.24+ 19 123.85* 19 141.17+ 21 85.09 19 
15 Rec X PI 2 62.47 I t  58.30 I I  85.75 I I  3.57 I f  
16 Rec X P2 1 37.91 I t  421.72** I I  415.29* I I  229.60+ I t  
17 Rec X PlxP2 2 66.69 I t  40.47 I I  59.54 I I  94.36 1 1  
18 P vs H 1 62.48 1 1  193.09* I I  12.03 22 48.00 1 1  
19 Entry x Rep 32 28.89 23 42.99* 23 58.49** 23 61.85* 23 
20 P X Rep 8 39.21 24 41.21 24 16.21 24 65.73 24 
21 H X Rep 22 26.78 25 40.60+ 25 67.01** 25 60.10* 25 
22 (P vs H) X Rep 2 10.75 23 76.33* 23 133.88** 23 65.50 23 
Theoretical error of binomial distribution 
23 Entry 26.02 28.02 31.27 38.65 
24 Parents 28.25 29.96 36.40 38.90 
25 Hybrids 25.09 27.21 29.13 38.55 
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Table A14. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 2A (with recipro­
cals) 
Component^  
Group 
2 
E^ntxEnv 
2 
SEnt 
All entries 30.99 17.06** 48.05** 6.82+ 28.86** 
Parents 33.38 7.21 40.59 23.25* 9.45 
PI t f  I I  I t  1.79 13.90+ 
P2 I I  I I  I I  -1.39 0.88 
PI vs P2 I I  I I  I I  37.46** 3.79 
Hybrids 30.00 18.63** 48.63** 1.29 38.49** 
PC I I  I I  I I  1.05 26.74+ 
PI I I  I I  I I  3.64+ 37.50* 
P2 I I  I I  -1.55 -0.03 
PI x P2 I I  I I  I I  -2.32 -8.10 
Reciprocals I I  I I  I I  0.61 14.18** 
Avg Diff I I  1 1  I I  0.35 -3.21 
Rec x PC I I  I I  I I  0.26 17.38** 
Rec X PI I I  I I  I I  2.75 -5.81 
Rec X P2 I I  I I  I I  -0.35 22.61 
Rec X PlxP2 I I  M  I I  -4.32 8.46+ 
P vs H 30.99 5.75* 71.61* 0.26 0.08 
^Subscripts identifying the variance components are explained 
in Tables 6 and 7. 
Table A15. Components of variance of DH% (as angles) from individual environments of Experiment 
1—Set 2A (with reciprocals) 
Component^  Environment Component^  Environment 
D8K D8R I8R P8R D8K D8R I8R P8R 
26.02 28.02 31.27 38.65 2 SP2(P) -9.63 2.73 15.97+ -18.06 
SD(P)^  28.25 29.96 36.40 38.90 s (PI vs P2)^  7.84+ 1.74 9.52+ 147.80** 
Sd(H)2 25.09 27.21 29.13 38.55 15.40 45.69 77.81** 18.15+ 
2 
SRec 8.77 26.48 19.46 3.04 
2.86 14.96* 27.23** 23.20* SRec(AD)^  -1.35 -0.48 -5.26 -4.70 
Sp(P) 10.96 11.25 -20.20 26.83+ 2 SRecX PC 10.12+ 26.95* 24.71+ 7.75 
Sp(H)2 1.69 13.39+ 37.88** 21.56* SRecXPl^  5.60 2.55 3.12 -9.71 
Sp(P vs 2 H) 
-2.16 6.84 14.54** 3.80 
_ 2 
®Rec X P2 1.00 42.08 38.70 18.64+ 
®Rec X PlxP2^  12.60 -0.84 -2.49 10.84 
Se^  28.89 42.99* 58.49** 61.85* SPC^ 7.29 21.14 64.19 16.61 
Se(P)^  39.21 41.21 16.21 65.73+ SPI(H) 8.36 36.69+ 87.62* 27.81* 
Se(H)2 26,78 40.60+ 67.01** 60.10* SP2(H)^  5.47 -1.50 -5.35 -3.69 
®e(P vs 2 H) 10.75 76.33 133.88 65.50 SpixP2 
2 
-6.70 -18.28 -6.74 -8.56 
Sp vs H 1.59 7.09* -2.19 -0.65 
SEnt^  12.67* 34.52** 62.60** 32.92* 
SP2 5.53 -0.10 46.57** 82.92** 
SPI(P)^  6.47 -3.65 73.72** -2.50 
^Subscripts identifying the variance components are explained in Tables 6 and 7. 
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Table A16. Combined analysis of variance of DH% (as angles) for 
Experiment 1—Set 2A (without reciprocals) 
MS Source df MS F-test 
no. denom. 
1 Eriv 3 23206.67** MS 13 
2 Rep (Env) 8 451.10** 23 
3 Entries 23 335.09** 13 
4 Parents (P) 7 176.49 14 
5 PI 3 152.21 11 
6 P2 3 41.21 t l  
7 PI vs P2 1 655.19* I I  
8 Hybrids (H) 15 403.05** 18 
9 PI 3 1606.36** I I  
10 P2 3 304.22** I I  
11 PI X P2 9 34.88 I I  
12 P vs H 1  425.86+ 22 
13 Entry x Env 69 65.89* 23 
14 P X Env 21 102.49** I I  
15 PI X Env 9 76.06 I t  
16 P2 X Env 9 98.44* I I  
17 (PI  vs P2) X Env 3 193.98** I I  
18 H X Env 45 50.33 I I  
19 PI X Env 9 77.17 I I  
20 P2 X Env 9 91.71+ I I  
21 PI X P2 X Env 27 27.59 I I  
22 (P vs H) X Env 3 42.94 I I  
23 Entry x Rep (Env) 184 47.79 27 
24 P X Rep (Env) 56 49.51 28 
25 H X Rep (Env) 120 46.57 29 
26 (P vs H) X Rep (Env) 8 54.07 27 
Theoretical error of binomial distribution 
27 Entry °° 32.61 
28 Parents <» 32.03 
29 Hybrids « 32.90 
Table A17, Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 2A (without reciprocals)^ 
MS 
no. 
Source df D8K D8R I8R P8R 
1 Rep 2 139.00* 563.14** 82.57 1018.11** 
2 Entry- 23 53.24* 124.77** 193.79** 160.95** 
3 Parents 7 58.10+ 65.37 156.25** 204.26** 
4 PI 3 72.02+ 70.12 161.13* 77.11 
5 P2 3 51.75 26.86 109.53+ 148.37+ 
6 PI vs P2 1 35.38 166.63+ 281.73* 753.38** 
7 Hybrids 15 54.20* 141.12** 216.58** 144.55* 
8 PI 3 113.36* 542.45** 911.96** 270.12* 
9 P2 3 29.86 103.13 111.08+ 335.28** 
10 PI X P2 9 42.60 16.00 19.95 39.11 
11 P vs H 1 4.69 331.41* 114.75 103.85 
12 Rep X Entry 46 28.61 49.79** 45.51+ 67.25** 
Theoretical error of binomial distribution 
13 26.07 28.87 35.37 40.13 
13 was used as the denominator for the F-test of MS 12, and MS 12 was used as the 
denominator for the F-test of all other sources of variation. 
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Table A18. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 2A (without recipro­
cals) 
Component* 
Group 2 
E^ntxEnv SEnt^  
All entries 32.61 15.18** 47.79** 6. 03* 22. 43** 
Parent 32.03 17.47** 49.51** 18. 24** 6. 17 
PI I I  I t  I t  9. 42 4. 14 
P2 I I  I I  t l  16. 88** -5. 11 
PI vs P2 I t  I t  t l  12. 18** 11. 51* 
Hybrids 32.90 13.67** 46.57** 0. 85 29. 39** 
PI t l  I t  t l  2. 45 32. 42** 
P2 I t  t l  t l  3. 66+ 5. 29** 
PI X P2 t l  I I  I t  -6. 73 -1. 29 
P vs H 32.61 2.01 54.07 -0. 15 2. 99 
S^ubscripts identifying the variance components are explained in 
Table 6. 
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Table A19. Components of variance of DH% (as angles) from individ­
ual environments of Experiment 1--Set 2A (without 
reciprocals) 
Component" Environment 
D8K D8R I8R P8R 
26.07 28.87 35.37 40.13 
2.54 20.92** 10.14+ 27.12** 
28.61 49.79** 45.51+ 67.25** 
8.21* 25.00** 49.43** 31.23** 
9.83 5.19 36.91** 45.67** 
14.47* 6.78 38.54* 3.29 
7.71 -7.64 21.34+ 27.04* 
0.31 9.74+ 19.68* 57.18** 
8.53* 30.44** 57.03** 25.77* 
7.06* 41.06** 72.20** 16.91* 
0.10 4.45 5.46+ 22.34** 
4.66 -11.26 -8.52 -9.38 
-0.75 8.80* 2.16 1.14 
Sd 
^Ent 
®P1(P) 
SP2(P)^ 
®P1 vs P2' 
Spi(H)^ 
Sp2(H) 
®P1 X P2 
P^ vs 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A20. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1--Set 2B 
P2 
PI IS 18584 IS 3962 IS 5470a IS 5383a,D Mean^  
Environment D8K WOR 60.3 
Parents 64.5 62.5 53.9 67.7 WR 63.5 
IS 18652 59.7 
PI X P2 81.0 70.9 63.3 70.0 WOR 71 .7 
P2 X PI 75.9 70.0 — — 63.1 WR 74.5 
IS 186548 72.6 
PI X P2 67.9 72.6 76.0 — — WOR 72.2 
P2 X PI — — 69. b — — WR — — 
EN 3362-1% 77.8 
PI X P2 73.4 77.3 . 73.0 — — WOR 74.5 
P2 X PI 69.5 — — — — — — WR - -
IS 4829 75.1 
PI X P2 74.3 76.0 74.7 — — WOR 75.0 
P2 X PI 70.3 77.0 — — — — WR 74.4 
MeanC 
WOR 71.3 74.1 74.2 71.8 — — , 73.4 
WR 67.4 75.4 73.5 74.4 
CSH-1 =80. 2 IS 1054 = 67.9 Parental , meanC WOR 66.6 
LSD (0.05) = 10.2 WR 65.4 
Environment D8R WOR 44.4 
Parents 46.3 42.5 44.5 55.4 WR 44.4 
IS 18652 48.6 
PI X P2 69.2 61.5 50.6 47.0 WOR 60.5 
P2 X PI 51.4 60.6 , — mm — — WR 60.7 
IS 18654% 60.5 
PI X P2 63.2 60.1 57.8 — — WOR 60.4 
P2 X PI — — 66.8 — — - - WR 
EN 3362-la 64.2 
PI X P2 58.8 73.5 52.0 — — WOR 61.4 
P2 X PI 52.6 — — — — - — WR — -
IS 4829 58.5 
PI X P2 57.2 70.0 63.0 — — WOR 63.4 
P2 X PI 59.9 71.0 — — — — WR 64.5 
MeanC 
WOR 58.0 62.1 66.3 55.8 — — 61.4 
WR 53.5 59.4 65.8 - - 62.6 
CSH-1 = 73. 8 IS 1054 = 51.2 Parental . mean^  WOR 52.2 
LSD (0.05) = 10.7 WR 49.0 
&'bxot included in balanced set of parents and hybrids (with recipro­
cals) and of parents and hybrids (without reciprocals), respectively. 
M^eans identified as "WOR" and "WR" are of the balanced set of par­
ents and hybrids without reciprocals and of the balanced set of parents 
and hybrids with reciprocals, respectively. 
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Table A20. (Continued) 
P2 
PI IS 18584 IS 3962 IS 5470% IS 5383%,D Mean'' 
Environment I8R WOR 25.1 
Parents 32.9 23.6 18.8 51.5 WR 28.2 
IS 18652 18.9 
PI X P2 43.7 32.8 18.0 31.4 WOR 31.5 
P2 X PI 19.6 31.4 — — 42.5 WR 31.9 
IS 18654% 49.2 
PI X P2 37.7 47.2 33.2 — — WOR 33.4 
P2 X PI 44.0 — — — — WR — — 
EN 3362-1% 50.8 
PI X P2 43.1 42.7 31.7 — — WOR 39.2 
P2 X PI 24.5 — — - - — — WR 
IS 4829 45.4 
PI X P2 40.1 51.5 45.4 — — WOR 45.7 
P2 X PI 31.4 43.1 — — — — WR 41.5 
MeanC 
WOR 41.1 41.2 43.6 32.1 — — 38.9 
WR 32.2 33.7 39.7 36.7 
CSH-1 = 50. 9 IS 1054 = 17.1 Parental mean^  WOR 34.2 
LSD (0.05) = 9.8 WR 30.2 
Environment P8R WOR 24.0 
Parents 16.1 30,5 25.5 37.5 WR 23.3 
IS 18652 23.5 
PI X P2 64.1 45.9 37.7 37.1 WOR 49.2 
P2 X PI 27.6 55.8 — — 44.8 WR 48.3 
IS 18654% 43.8 
PI X P2 42.4 57.0 28.0 WOR 42.5 
P2 X PI — — 50.2 — — — — WR - -
EN 3362-1% 60.0 
PI X P2 43.5 70.9 47.4 — — WOR 53.9 
P2 X PI 36.4 — — — — WR 
IS 4829 62.5 
PI X P2 39.9 71.8 54.7 WOR 55.5 
P2 X PI 45.9 63.7 — — — — WR 55.3 
MeanC 
WOR 47.5 47.5 61.4 42.0 50.3 
WR 43.0 44.4 59.3 51.8 
CSH-1 = 81. 5 IS 1054 = 34.5 Parental mean^  WOR 37.4 
LSD (0.05) = 10.1 WR 33.2 
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Table A20. (Continued) 
P2 ~ 
PI • IS 18584 IS 3962 IS 5470* IS 5383*»'' Mean^  
Combined environments 
WOR 38.5 
Parents 40.0 39.8 35.7 53.0 WR 39.9 
IS 18652 37.7 
PI X P2 66.5 52.8 42.4 46.4 WOR 53.2 
P2 X PI 43.6 54.5 ——- 51.8 WR 53.8 
IS 18654* 56.5 
PI X P2 52.8 59.3 48.8 — WOR 53.6 
P2 X PI 57.7 — —  WR —— 
EN 3362-1* 63.2 
PI X P2 54.7 66.1 53.0 — —  WOR 57.3 
P2 X PI 45.8 —- —• — —  WR — —  .  
IS 4829 60.4 
PI X P2 52.9 67.3 59.4 WOR 59.9 
P2 X PI 51.9 63.7 —• WR 58.9 
MeanC 
WOR 54.4 56.2 61.4 50.4 — 56.0 
WR 49.0 53.2 59.6 — — 56.4 
CSH-1 =71.6 
LSD (0.05) =9.3 
IS 1054 = 42.7 Parental meanC WOR 47.6 
WR 44.4 
Table A21. Combined analysis of variance for DH% (as angles) for Experiment 1—Set 2B (with 
reciprocals) 
MS 
no. 
Source df MS F-test denom. 
MS 
no. 
Source df MS F-test denom. 
1 Env 3 9109.30** MS 20 25 H X Env 21 117.75** MS 37 
2 Rep (Env) 8 154.14** 37 26 PC X Env 9 138.33 30 
27 PI X Env 3 105.00 f t  
3 Entries 11 1281.00** 20 28 P2 X Env 3 283.63+ 11 
4 Parents (P) 3 1367.70** I I  29 PI X P2 X Env 3 26.38 I t  
5 PI 1 3096.32** I I  30 Rec X Env 12 102.31* 37 
6 P2 1 0.17 I I  31 Avg Diff X Env 3 84.64 32 
7 PI vs P2 1 1006.91* I I  32 Rec X PC X Env c 108.20* 37 
8 Hybrids (H) 7 773.87** I I  33 Rec X PI X Env 3 41.99 35 
9 Parent Comb (PC) 901.02 13 34 Rec X P2 X Env 3 37.63 35 
10 PI 1 625.69 12 35 Rec X PlxP2xEnv 3 244.96** 37 
11 P2 1 966.67 12 36 (P vs H) X Env 3 230.13** t l  
12 PI X P2 1 1110.71 13 
13 Reciprocals 678.51** 20 37 Entry x Rep (Env) 88 43,03** 41 
14 Avg Diff 1 851.59 15 38 P X Rep(Env) 24 43.76+ 42 
15 Rec X PC 620.82* 20 39 H X Rep(Env) 56 42.57* 43 
16 Rec X PI 1 317.69 18 40 (P vs H) X Rep (Env) 8 44.05 41 
17 Rec X P2 1 595.12 I I  
18 Rec X PI X P2 1 949.64* 20 Theoretical error of binomial distribution 
19 P vs H 1 4570.52** I I  41 Entry 30.48 
42 P 31.70 
20 Entry x Env 33 147.74** 37 43 H 29.25 
21 P X Env 9 190.28** I I  
22 PI X Env 3 248.74** I I  
23 P2 X Env 3 155.04* I I  
24 (PI vs P2) X Env 3 167.05* I I  
Table A22. Analysis of variance of DH% (as angles) for individual environments of Experiment 1— 
Set 2B (with reciprocals) 
Environment 
D8K D8R I8R P8R 
MS 
no. 
Source df MS ^^ test denom. MS 
F-test 
denom. MS denom. MS denom. 
MS MS MS MS 
1 Rep 2 186.93* 19 365.96** 19 50.51 19 13.15 19 
2 Entry 11 123.59** 19 265.14** 19 329.01** 19 1006.50** 19 
3 Parents 3 134.83* i r  140.73+ I I  408.30** I f  1254.78** t f  
4 PI 1 354.24** I I  149.20+ I f  1050.99** I t  2288.11** t t  
5 P2 1 5.78 I I  22.38 M  127.53+ I I  309.61* f t  
6 PI vs P2 1 44.46 I I  250.60* I f  46.37 f l  1166.62** t t  
7 Hybrids 7 44.20 I I  143.92* 1 1  293.48** t t  645.51** t t  
8 Parent Comb (PC) 81.56 I t  172.98 12 320.55 12 740.94 12 
9 PI 1 0.02 11 88.04 I I  559.18 I I  293.44 t f  
10 P2 1 21.62 I I  240.39 f t  217.52 I I  1338.03 t t  
11 PI X P2 223.06* 19 190.51 I I  184.95 I I  591.33 f t  
12 Reciprocals 16.18 M  122.13+ 19 273.18** 19 573.94** 19 
13 Avg Diff 1 29.88 I f  84.33 14 680.61 14 310.68 14 
14 Rec X PC 11.61 I I  134.73+ 19 137.37* 19 661.70** 19 
15 Rec X PI 1 3.12 I I  188.42+ I I  26.28 17 225.84 17 
16 Rec X P2 1 31.54 • I I  86.66 I I  197.95 I I  391.87 t t  
17 Rec X PlxP2 1 0.17 t f  129.10 f l  187.88* 19 1367.39** 19 
18 P vs H 1 645.59** I I  1486.88** I I  339.88** I I  2788.56** f t  
19 Entry x Rep 22 37.34 20 47.21* 20 36.95 20 50.63 20 
Theoretical error of binomial distribution 
20 Entry « 28.50 26.45 29.32 37.08 
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Table A23. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1--Set 2B (with recipro­
cals) 
Component^  
Group 
s/ 2 ®EntxEnv 
 ^ 2 
®Ent 
All entries 30.48 12.55** 43.03** 34. 90** 94. 44** 
Parents 31.70 12.06+ 43.76* 49. 08** 101. 67** 
PI t l  f t  t f  68. 57** 245. 71** 
P2 I f  I f  t f  37. 34* -12. 30 
PI vs P2 f t  I f  t f  20. 67* 35. 80* 
Hybrids 29.25 13.32* 42.57* 24. 90** 52. 18** 
PC I t  I f  f t  6. 00 37. 09 
PI t f  f t  f t  0. 22 -10. 10 
P2 I t  f t  f t  15. 11+ -3. 00 
PI X P2 t f  I I  f t  -12. 65 72. 03 
Reciprocals 
Avg Diff 
Rec X PC 
Rec X PI 
Rec X P2 
Rec X PlxP2 
t l  
n 
f t  
f t  
tf 
f t  
f t  
I f  
I f  
I t  
t l  
I f  
t f  
II 
19.76* 
-1.96 
21.72* 
-33.83 
-34.56 
67.31** 
44.23** 
19.23 
39.42* 
•105.33 
-59.09 
267.30* 
P vs H 30.82 2.48 44.05 11.69** 69.11** 
^Subscripts identifying the variance components are explained 
in Tables 6 and 7. 
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Table A24. Components of variance of DH% 
ual environments of Experiment 
reciprocals) 
(as angles) 
1—Set 2B 
from individ-
(with 
Component* 
Environment 
D8K D8R I8R P8R 
Sd^  28.50 26.45 29.32 37.08 
Sp2 8.84 20.76* 7.64 13.55 
SeZ 37.34 47.21* 36.95 50.63 
SEnt^  14.38** 72.64** 97.35** 318.62** 
sp2 16.25* 31.17+ 123.78** 401.38** 
SPI(P)^  52.82** 34.00+ 338.01** 745.83** 
SP2(P)^  -5.26 -8.28 30.19+ 86.33* 
e 2 
PI vs P2 1.19 33.90* 1.57 186.00** 
1.14 32.24* 85.51** 198.30** 
spc^ 7.37 8.48 7.90 27.83 
spi(H)^ -19.42 -2.84 23.83 -23.38 
SP2(H)^  -17.62 9.85 -4.64 63.67 
2 
®P1 X P2 32.62* 1.56 -14.70 2.90 
2 
SRec -7.05 24.97+ 78.74 174.44** 
A^vg diff^  -0.62 -4.20 45.27 -29.25 
SRec X PC^  -8.58 29.17+ 33.47* 203.69** 
SRec X Pl^  -5.70 23.53 -26.93 -190.26 
2 
®Rec X P2 -0.97 6.57 1.68 -162.59 
®Rec X PI X P2 2 -37.17 27.29 50.31* 438.92** 
s 2 ®P vs H 38.02** 89.98** 18.93** 171.12** 
S^ubscripts identifying the variance components are explained 
in Tables 6 and 7. 
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Table A25. Combined analysis of variance for DH% (as angles) for 
Experiment 1—Set 2B (without reciprocals) 
MS Source df MS F-test 
no. denom. 
1 Env 3 12342.76** MS 13 
2 Rep (Env) 8 140.61** 23 
3 Entry 18 1185.38** 13 
4 Parents (P) 6 1694.87** I I  
5 PI 3 1591.75** I I  
6 P2 2 70.38 I I  
7 PI vs P2 1 5253.20** I I  
8 Hybrids (H) 11 675.03** I I  
9 PI 3 361.30 11 
10 P2 2 1441.44 11 
11 PI X P2 6 576.42** 13 
12 P vs H 1 3742.28** I I  
13 Entry x Env 54 118.37** 23 
14 P X Env 18 126.56** I I  
15 PI X Env 9 125.89** I I  
16 P2 X Env 6 116.60** I I  
17 (PI vs P2) X Env 3 148.50** I I  
18 H X Env 33 109.90** 23 
19 PI X Env 9 96.50 21 
20 P2 X Env 6 186.15 I I  
21 PI X P2 X Env 18 91.17** 23 
22 (P vs H) X Env 3 162.43** I I  
23 Entry x Rep (Env) 144 35.43 27 
24 P x Rep (Env) 48 44.65+ 28 
25 H X Rep (Env) 88 31.08 29 
26 (P vs H) X Rep (Env) 8 28.02 27 
Theoretical error of binomial distribution 
27 Entries « 30.67 
28 P «, 33.44 
29 H " 29.05 
Table A26. Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 2B (without reciprocals) 
Source df D8K D8R I8R P8R P-test 
no. denom 
1 Rep 2 91.76 309.36** 36.06 125.25* 12 
2 Entry 18 149.15** 227.09** 365.53** 798.71** M  
3 Parents 6 231.89** 227.59** 60%.48** 1010,60** M  
4 PI 3 193.07** 134.70* 668.40** 973.25** f ï  
5 P2 2 95.80+ 11.21 153.53* 159.65** I I  
6 PI vs P2 1 620.54** 939.02** 1314.62** 2824.51** I I  
7 Hybrids 11 62.11 144.57** 241.59** 556.44** I I  
8 PI 3 24.36 17.67 302.34 306.43 8 
9 P2 2 23.36 330.71 440.41 1205.41 9 
10 PI X P2 6 93.90* 145.98** 144.95** 465.12** 12 
11 P vs H 1 610.18** 1131.79** 295.19** 2192.42** I I  
12 Entry x Rep 36 38.62 38.79 34.22 30.11 13 
Theoretical error of binomial distribution 
13 30.67 27.05 27.73 37.23 
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Table A27. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 2B (without recipro­
cals) 
Group 
Sd' 
Component^  
®EntxEnv 'Ent 
All entries 
Parents 
PI 
P2 
PI vs P2 
Hybrids 
PI 
P2 
PI X P2 
30.67 
33.44 
29.05 
I t  
U 
4.76 
11.21" 
M 
ir 
I t  
2.03 
It 
35.43 
44.65+ 
31.08 
II 
I t  
I t  
27.64** 
30.38** 
30.15** 
27.06** 
10.99»* 
24.82** 
0.59 
7.91 
18.58** 
88.92** 
131.37** 
122.78** 
-4.00 
124.80** 
46.39** 
-5.98 
18.02 
38.17** 
P vs H 30.67 -0.30 28 .02  4.79' 34.15** 
S^ubscripts identifying the variance components are explained 
in Table 6. 
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Table A28. Components of variance of DH% (as angles) from individ­
ual environments of Experiment 1—Set 2B (without 
reciprocals) 
Environment 
Component D8K D8R I8R P8R 
30.67 27.05 27.73 37.23 
7.95 11.74 6.49 -7.13 
V 38.62 38.79 34.22 30.11 
SEnt^  36.84** 62.77** 110.44** 256.20** 
Sp2 64.42** 62.93** 190.09** 326.83** 
Spi(p) 51.48** 31.97* 211.39** 314.38** 
SP2(P)2 19.06+ -9.19 39.77* 43.18** 
spi vs P2^  56.58** 87.52** 124.48** 271.68** 
7.83 35.26** 69.13** 175.44** 
c: 2 Spi(H) -7.73 -14.'26 17.49 -17.63 
e 2 
SP2(H) -5.88 15.39 24.62 61.69 
spiX P2^  18.43* 35.73** 36.91** 145.00** 
P^ vs 21.55** 41.20** 9.84** 81.52** 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A29. DH% (as angles) for individual and combined environments for 
parents and hybrids of Experiment 1--Set 3A 
Males 
Females IS 2162 IS 18641 IS 5615a BP 53 Mean' 
Environment D8K 
Parents 67.7 75.1 58.6 78.4 73.7 
IS 1034 62.8 60.9 71.1 — 65.7 65.9 
IS 4799 70.9 73.1 84.9C — — 75.7 78.6 
EN 35183 79.9 — — — — 75.8 72.0 — — 
V-2-1-1-1 77.6 77.5 74.6 76.8 75.9 76.0 
Mean^  70.4 71.2 76.8 
- -
72.4 73.5 
CSH-1 = 84.3 IS 1054 = 66.2 Parental . meanb 72.1 
LSD (0.05) = 9.7 
Environment D8R 
Parents 47.9 65.4 54.2 65.5 59.6 
IS 1034 52.4 45.8 62.6 wm — 59.2 55.9 
IS 4799 61.3 59.5 74.8 64.9 66.4 
EN 3518a 64.8 — — - — 70.1 58.3 
V-2-1-1-1 67.9 62.4 64.7 56.9 61.4 62.8 
Meanb 60.5 55.9 67.4 - - 61.8 61.7 
CSH-1 = 73.5 IS 1054 = 50.6 Parental . mean^  60.1 
LSD (0.05) =9.9 
Environment I8R 
Parents 26.8 53.9 15.9 42.3 59.6 
IS 1034 29.7 21.1 40.7 -« — 38.1 33.3 
IS 4799 50,0 43.2 58.7 — — 48.0 50.0 
EN 3518a 55.7 — — — — 48.9 55.1 - -
V-2-1-1-1 60.2 47.8 53.5 40.8 52.2 51.1 
Meanb 60.5 37.4 46.1 — 51.0 44.8 
CSH-1 =51.7 IS 1054 = 27.3 Parenta] . meanb 43.8 
LSD (0.05) = 9.7. 
®Not included in balanced set of parents and hybrids, 
''includes balanced set only. 
F^2 seed of IS 4799 x IS 18641 was not available for the D8K 
environment, so the DH% of this hybrid was estimated from its perform­
ance in the other environments. 
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Table A29. (Continued) 
Males 
Females IS 2162 IS 18641 IS 56153 BP 53 Mean' 
Environment P8R 
Parents 27.9 39.2 19.0 41.8 36.3 
IS 1034 20.6 32.6 40.1 — — 38.6 37.1 
IS 4799 44.9 42.4 49.3 — — 50.2 47.3 
EN 3518% 51.2 - — — — 36.7 47.8 — — 
V-2-1-1-1 57.8 45.4 47.6 35.2 43.9 45.6 
Meanb 41.1 40.1 45.7 44.2 43.3 
CSH-1 = 73.1 IS 1054 = 26.2 Parental mean^  38.7 
LSD (0.05) = 13.7 
Combined environments 
Parents 42.6 58.4 36.9 57.0 52.7 
IS 1034 41.4 40.1 53.6 — — 50.4 48.0 
IS 4799 56.8 55.1 66.9c — — 59.7 60.6 
EN 3518» 62.9 — — — — 57.9 58.3 — — 
V-2-1-1-1 65.9 58.3 60.1 52.4 58.3 58.9 
Meanb 54.7 51.1 60.2 - - 56.1 55.8 
CSH-1 = 70.6 IS 1054 = 42.6 Parental mean^  53.7 
LSD (0.05) =5.8 
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Table A30. Combined analysis of variance for DH% (as angles) for 
Experiment 1--Set 3A 
Source df MS F-test 
no. denom. 
1 Env 3 9793.18** MS 13 
2 Rep (Env) 8 232.87** 23 
3 Entry 14 800.65** 13 
4 Parents (P) 5 1120.25** I f  
5 Females (F) 2 1841.75** ft 
6 Males (M) 2 922.35** tl 
7 F vs M 1 73.04 tl 
8 Hybrids 8 675.79** I I  
9 Females 2 1662.91* 11 
10 Males 2 742.58+ I t  
11 F X M 4 148.83* 13 
12 P vs M 1 201.60* I t  
13 Entry x Env 42 49.69 23 
14 P X Env 15 80.73+ I I  
15 F X Env 6 99.17 11 
16 M X Env 6 64.69 I I  
17 (F vs M) X Env 3 75.94 I I  
18 H X Env 24 32.70 I I  
19 F X Env 6 54.52 I I  
20 M X Env 6 45.08 I I  
21 F X M X Env 12 15.60 I I  
22 (P vs H) X Env 3 30.43 I I  
23 Entry x Rep (Env) 112 42.58* 27 
24 P X Rep (Env) 40 50.29* 28 
25 H X Rep (Env) 64 39.59* 29 
26 (P vs H) X Rep (Env) 8 28.01 27 
Theoretical error of binomial distribution 
27 Entries 32.41 
28 Parents » 36.24 
29 Hybrids •» 29.86 
Table A31. Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 
MS 
no. 
Source df D8K D8R I8R P8R 
1 Rep 2 131.93* 107.15+ 24.13 668.25** 
2 Entry 14 124.11** 170.23** 400.85** 254.54** 
3 Parents (P) 5 112.30* 197.22** 539.07** 513.86** 
4 Females (F) 2 165.08* 183.34* 722.83** 1068.02** 
5 Males (M) 2 90.99+ 307.84** 552.81** 164.77 
6 F vs M 1 49.37 3.73 144.04* 103.73 
7 Hybrids (H) 8 144.38** 171.03** 363.31** 95.17 
8 Females 2 403.33** 258.18** 895.88** 269.07* 
9 Males 2 79.89 295.75** 428.28** 73.89 
10 F X M 4 47.16 65.08 64.54 18.85 
11 P vs H 1 20.91 28.98 10.12 232.87+ 
12 Rep X Entry 28 33.85 35.11 33.84 67.53* 
Theoretical error of binomial distribution 
13 27.32 30.40 31.29 40.62 
%S 13 was used as the 
denominator for the F-test 
denominator for the 
of all other sources 
F-test of MS 12, 
of variation. 
and MS 12 was used as the 
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Table A32. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 3A 
Component^  
Group 
®d^  "p 
2 % 2 
2 
E^ntxEnv SEnt^  
Entry 32.41 10. 17* 42. 58* 2.37 62.58** 
Parents (P) 36.24 14. 06* 50. 29* 12.72+ 89.21** 
Females (F) I f  I I  I I  18.86 149.34** 
Males (M) f l  I I  I I  7.37 72.72** 
F vs M I t  I I  I I  3.71 0.65 
Hybrids (H) 29.86 9. 73* 39. 59* -3.30 52.17** 
Females I I  I I  I t  1.33 42.06* 
Males I I  I I  I I  0.28 16.49+ 
F X M I I  I I  I I  -8.99 8.26* 
P vs H 32.41 -0. 61 28. 01 -0.56 1.76* 
S^ubscripts identifying the variance components are explained 
in Table 6. 
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Table A33. Components of variance of DH% (as angles) from individ­
ual environments of Experiment 1--Set 3A 
Environment 
Component D8K D8R I8R P8R 
Sd' 27.32 30.40 31.29 40.62 
6.53 4.71 2.55 26.91* 
SeZ 33.85 35.11 33.84 67.53* 
SEnt^  30.08** 45.04** 122.34** 62.33** 
26.15* 54.04** 168.41** 148.78** 
SF(P)^  43.74* 49.41* 229.66** 333.50** 
SM(P)^  19.05* 90.91** 172.99** 32.41 
vs 1.72 -3.49 12.24* 4.02 
SH^  36.84** 45.31** 109.82** 9.21 
SpCH)^  41.05** 24.79** 95.78** 22.39* 
SM(H)^  5.11 28.96** 43.83** 0.71 
sp x . 4.44 9.99 10.23 -16.23 
sp vs -0.60 -0.28 -1.10 7.65+ 
S^ubscripts identifying the variance components are explained 
in Table 6. 
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Table A34. DH% (as angles) for individual and combined environments for 
parents and hybrids of Experiment 1—Set 3B 
Males 
Females IS 18635 IS 18648 IS 18649 E 303 Mean' 
Environment D8K 
Parents 67.6 76.4 74.5 68.6 71.8 
IS 18630 71.4 75.5 76.9 71.3 73.5 74.3 
IS 5359b 56.8 — — — — — — 57.5 — — 
ÏS 2205 68.6 64.3 75.9 69.2 70.2 69.9 
V-20-l-l-2b 77.5 — — 77.2 — — 74.0 — — 
Mean& 70.0 69.9 76.4 70.3 71.9 72.1 
CSH-1 = 79.5 IS 1054 = 65.5 Parental mean* 71.2 
LSD (0.05) = 9.1 
Environment D8R 
Parents 66.8 72.1 62.0 60.7 65.4 
IS 18630 67.4 61.8 64.6 67.4 64.6 64.6 
IS 5359b 42,8 — — — — — — 44.6 — — 
IS 2205 41.9 53.5 64.2 60.4 55.7 58.5 
V-20-l-l-2b 66.6 — — 71.7 — — 69.1 — — 
Mean® 54.6 57.7 64.4 63.9 60.2 61.5 
CSH-1 = 79.9 IS 1054 = 50.4 Parental mean* 61.8 
LSD (0.05) = 11.2 
Environment I8R 
Parents 41.4 47.2 48.6 34.9 43.0 
IS 18630 52.2 50.6 52.8 54;4 46.5 51.1 
IS 5359b 40.5 — — — — — — 28.9 — — 
IS 2205 27.5 28.7 32.5 36.0 36.6 33.4 
V-20-l-l-2b 65.7 — — 50.2 — — 55.7 
Mean& 39.9 39.7 42.7 45.2 41.5 42.3 
CSH-1 = 57.6 IS 1054 = 27.1 Parental mean* 42.0 
LSD (0.05) = 11.5 
®Not included in balanced set of parents and hybrids, 
''includes balanced set only. 
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Table A34. (Continued) 
Males 
Females IS 18635 IS 18648 IS 18649 E 303 Mean' 
Environment P8R 
Parents 42.2 54.6 41.7 32.8 42.8 
IS 18630 60.3 47.8 56.1 45.5 53.4 50.7 
IS 5359b 24.7 - - — — 16.0 — — 
IS 2205 17.2 27.6 27.3 27.7 29.7 28.1 
V-20-l-l-2b 46.9 — — 45.7 — — 44.2 
Mean& 38.7 37.7 41.7 36.6 41.6 39.4 
CSH-1 = 60. 7 IS 1054 = 19.9 Parental mean® 41.5 
LSD (0.05) : = 14.2 
Combined environments 
Parents 54.5 62.6 56.7 49.3 55.8 
IS 18630 62.8 58.9 62.6 59.6 59.5 60.2 
IS 5359b 41.2 — — — — 36.7 — — 
IS 2205 38.8 43.5 50.0 48.3 48.1 47.5 
V-20-1-1-2b 64.2 — — 61.2 — — 60.7 
Mean& 50.8 51.2 56.3 54.0 51.2 
a 
53.8 
CSH-1 =69.9 IS 1054 =40.7 Parental mean® 54.1 
LSD (0.05) = 8.2 
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Table A35. Combined analysis of variance for DH% (as angles) for 
Experiment 1--Set 3B 
Source df MS F-test 
no. denom. 
1 Env 3 9812.84** MS 13 
2 Rep (Env) 8 244.54** 23 
3 Entry 13 707.85** 13 
4 Parents (P) 5 990.72** 14 
5 Females (F) 1 3466.11+ 15 
6 Males (M) 3 365.13** 16 
7 F vs M 1 392.11+ 17 
8 Hybrids (H) 7 606.47** 18 
9 Females 1 3874.09+ 19 
10 Males 3 102.27+ 20 
11 F X M 3 21.45 21 
12 P vs H 1 3.21 22 
13 Entry x Env 39 98.86** 23 
14 P X Env 15 120.40** I I  
15 F X Env 3 409.32** I I  
16 M X Env 9 43.21 I I  
17 (F vs M) X Env 3 63.05 I I  
18 H X Env 21 95.19* 
19 F X Env 3 470.32** I I  
20 M X Env 9 28.54 I I  
21 F X M X Env 9 36.80 I I  
22 (P vs H) X Env 3 16.85 
23 Entry x Rep (Env) 104 48.09** 27 
24 P X Rep (Env) 40 45.29* 28 
25 H X Rep (Env) 56 49.43** 29 
26 (P vs H) X Rep (Env) 8 52.74+ 27 
Theoretical error of binomical distribution 
27 Entry « 29.35 
28 Parents «> 31.62 
29 Hybrids °° 27,65 
Table A36. Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 3B^ 
MS 
no. 
Source df D8K D8R I8R P8R 
1 Rep 2 164.13** 269.44** 53.45 491.13** 
2 Entry- 13 44.23 165.89** 262.30** 532.01** 
3 Parents 5 38.58 336.01** 261.59** 715.74** 
4 Females (F) 1 11.47 978.06** 918.13** 2786.41** 
5 Males (M) 3 56.26 80.56 116.53+ 241.42* 
6 F vs M 1 12.65 460.34** 40.22 68.05 
7 Hybrids 7 53.37+ 67.97 300.15** 470.54** 
8 Females 1 116.32* 224.86* 1877.14** 3066.72** 
9 Males 3 53.88 60.58 32.03 41.38 
10 F X M 3 31.88 23.07 42.60 34.32 
11 P vs H 1 8.55 0.74 0.91 43.56 
12 Rep X Entry 26 29.57 44.24* 46.79** 71.77** 
Theoretical error of binomial distribution 
13 27.42 27.42 26.26 36.31 
%S 13 was used as the denominator for the F-test of MS 12, and MS 12 was used as the 
denominator for the F-test of all other sources of variation. 
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Table A37. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 3B 
Group 
Component' 
E^ntxEnv 'Ent 
All entries 29. 35 18. 74** 48. 09** 16. ,92** 50. ,75* 
Parents 31. 62 13. 67* 45. 29* 24. ,10** 72. ,53** 
F f t  I l  I t  120. ,41** 254. ,73+ 
M I I  t t  I t  -1, ,63 26. 83** 
F vs M t l  t l  t l  1. ,87 10, ,28+ 
Hybrids 27. 65 21. 78** 49. 43** 15, ,70* 42. ,61** 
F t l  t l  t l  35, ,19** 70, ,91+ 
M t l  t t  I t  -3. ,26 3, ,07+ 
F x M I t  I I  I t  -3, ,76 -1, ,28 
P vs H 29. 35 3. 41+ 52. 74"^  -1, ,52 -0, .17 
S^ubscripts identifying the variance components are explained 
in Table 6. 
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Table A38. Components of variance of DH% (as angles) from individ­
ual environments of Experiment 1--Set 3B 
,a Component 
sp vs H 
Environment 
D8R I8R P8R 
Sj" 27.42 27.42 26.26 36.31 
Sp2 2.15 16.82* 20.52** 35.46** 
Sg2 29.57 44.24* 46.79** 71.77** 
SgnfZ 5.60 40.55** 71.84** 153.41** 
sp2 3.72 97.26** 71.60** 214.66** 
Sp(p)2 -5.32 311.27** 290.45** 904.88** 
Sm(P)2 9.61 12.11 23.25+ 56.55* 
Sp VS -1.85 52.01** -0.82 -0.46 
Sj^ 2 8.65+ 7.91 84.45** 132.93** 
7.41* 15.05* 152.53** 249.58** 
Sm(H)^  4.41 2.72 -2.46 -5.06 
Sp X 1.49 -7.06 -1.40 -12.48 
2 -0.92 -2.11 -2.23 -1.37 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A39. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1—Set 3C 
Males 
Females IS 4553 IS 5648 IS 18651 37-P-3-2-1% Mean' 
Environment 
00 o
 
Parents 73.1 66.3 75.1 82.6 71.5 
IS 18629 76.2 73.8 75.4 77.2 75.5 75.5 
IS 18582 72.7 77.5 72.2 76.5 — — 75.4 
IS 4002 79.1 75.5 78.8 80.2 81.9 78.2 
V-63-l-l-2a 82.7 mm «m 77.2 78.9 81.0 — M 
Meanb 76.0 75.6 75.5 78.0 76.3 
CSH-1 = 81.0 IS 1054 = 64.5 Parental mean^  73.7 
LSD (0.05) = 9.5 
Environment D8R 
Parents 53.6 55.4 58.4 61.3 55.8 
IS 18629 65.2 63.2 56.6 60.3 62.0 60.0 
IS 18582 56.0 50.4 46.3 52.5 — — 49.8 
IS 4002 76.3 69.9 55.3 66.3 60.5 63.8 
V-63-1-1-2^  69.1 — — 61.3 68.4 60.4 — — 
Mean^  65.8 61.2 52.8 59.7 57.9 
CSH-1 = 79.6 IS 1054 = 46.2 Parental mean^  60.8 
LSD (0.05) = 8.1 
Environment I8R 
Parents 28.0 20.1 58.1 55.9 35.4 
IS 18629 36.0 29.7 36.0 50.2 50.5 38.6 
IS 18582 34.3 32.9 16.1 44.1 - - 31.0 
IS 4002 56.8 43.3 46.3 57.7 48.2 49.1 
V-63-1-1-2^  61.9 — — 48.5 50.1 59.6 
Mean^  42.4 35.3 32.8 50.7 - - 39.6 
CSH-1 = 54.9 IS 1054 = 16.1 Parental meanb 38.9 
LSD (0.05) = 10.6 
 ^Includes balanced set only. 
b 
Not included in balanced set of parents and hybrids. 
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Table A39. (Continued) 
Males 
Females IS 4553 IS 5648 IS 18651 37-P-3-2-ia Mean^  
Environment P8R 
Parents 31.6 23.8 47.1 61.9 34.2 
IS 18629 38.4 37.2 46.4 40.4 50.0 41.3 
IS 18582 26.5 37.4 34.8 36.3 — — 36.2 
IS 4002 62,1 54.1 52.6 54.3 53.9 53.7 
V-63-1-1-2* 60.0 — — 37.6 54.1 60.4 
Mean^  42.4 42.9 44.6 43.7 — 43.7 
CSH-1 = 59.4 IS 1054 = 32.1 Parental mean^  38.3 
LSD (0.05) = 17.3 
Combined environments 
Parents 46.6 41.4 59.7 65.4 49.2 
IS 18629 54.0 51.0 53.6 57.0 59.5 53.9 
IS 18582 47.4 49.5 42.4 52.4 — — 48.1 
IS 4002 68.6 60.7 58.2 64.6 61.1 61.2 
V-63-1-1-2^  68.4 — — 56.1 62.9 62.7 — — 
Meanb 56.6 53.7 51.4 58.0 - - 54.4 
CSH-1 = 68.7 IS 1054 = 39.7 Parental mean^  52.9 
LSD (0.05) =9.1 
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Table A40. Combined analysis of variance for DH% (as angles) for 
Experiment 1—Set 3C 
MS 
no. 
Source df MS F-test denom. 
1  Env 3  1 2 7 5 5 . 8 8 * *  MS 1 3  
2  Rep (Env) 8  5 1 7 . 3 1 * *  2 3  
3  Entry 1 4  7 3 2 . 6 4 * *  1 3  
4  Parents (P) 5  1 1 8 9 . 0 7 * *  1 4  
5  Females (F) 2  1 4 1 3 . 9 7 * *  t t  
6  Males 2  1 0 6 2 . 1 4 * *  r t  
7  F vs M 1  9 9 3 . 1 4 *  I f  
8  Hybrids 8  5 2 7 . 5 2 * *  1 8  
9  Females 2  1 5 5 6 . 6 8 * *  1 9  
1 0  Males 2  4 0 3 . 2 8  2 0  
1 1  F X M 4  7 5 . 0 6  2 1  
1 2  P vs H 1  9 1 . 3 7  1 3  
1 3  Entry x Env 4 2  1 2 3 . 1 1 * *  2 3  
1 4  P X Env 1 5  1 4 2 . 0 4 * *  I I  
1 5  F X Env 6  1 2 8 . 0 5 *  I I  
1 6  M X Env 6  2 1 4 . 9 6 * *  I I  
1 7  (F vs M) X Env 3  2 4 . 1 9  I I  
1 8  H X Env 2 4  1 0 9 . 9 1 * *  
1 9  F X Env 6  1 3 8 . 1 8 *  I I  
2 0  M X Env 6  2 1 5 . 4 9 * *  I I  
2 1  F X M X Env 1 2  4 3 . 0 0  
2 2  (P vs H) X Env 3  1 3 4 . 0 7 +  I I  
2 3  Entry x Rep (Env) 1 1 2  5 0 . 8 0 * *  2 7  
2 4  P X Rep (Env) 4 0  4 8 . 2 3  2 8  
2 5  H X Rep (Env) 6 4  5 3 . 6 7 * *  2 9  
2 6  (P vs H) X Rep (Env) 8  4 0 . 7 2  2 7  
Theoretical error of binomial dsitribution 
27 Entry ™ 34.00 
28 Parents ™ 38.88 
29 Hybrids " 30.75 
Table A41. Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 3C^ 
MS 
no. 
Source df 
D8K 
Environment 
D8R I8R P8R 
1 Rep 2 275.98** 22.63 274.80** 1495.82** 
2 Entry 14 35.54 188.04** 518,45** 359.93** 
3 Parents (P) 5 56.03 222.50** 714.19** 622.47** 
4 Females (F) 2 30.45 311.68** 472.20** 983.80** 
5 Males (M) 2 63.65 17.10 1204.22** 422.05* 
6 F vs M 1 91.96 454.93** 218.14* 300.67 
7 Hybrids (H) 8 18.01 178.30** 460.24** 200.69 
8 Females 2 22.66 477.63** 741.33+° 729.46** 
9 Males 2 17.71 181.55** 843.74+° 6.75 
10 F X M 4 15.84 27.00 127.95* 33.28 
11 P vs H 1 73.33 93.71+ 5.35 321.19+ 
12 Rep X Entry 28 32.35 23.47 40.49 106.89 
Theoretical error of binomial distribution 
13 30.80 31.84 29.78 43.57 
M^S 13 was used as the denominator for the F-test of MS 12, and MS 12 was used as the 
denominator for the F-test of all other sources of variation, except where otherwise noted. 
^F-test denominator was MS 10. 
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Table A42. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 3C 
Component^  
Group 
Sd^  2 2 ®EntxEnv SEnt^  
Entry 34.00 16. 80** 50.80** 24. 10** 50. 79** 
Parents (P) 38.88 9. 35 48.23 30. 41** 87. 25** 
Females (F) f l  f t  I t  25. 75* 105. 99** 
Males (M) I I  I t  I t  54. 72** 76. 68** 
F vs M I I  I I  I I  -2. 96 23. 64* 
Hybrids (H) 30.75 22. 92 53.67 19. 70** 34. 80** 
Females I t  t i  I I  9. 70* 29. 55** 
Males I t  1 1  I I  18. 30** 7. 82 
F x M I I  t i  I I  -2. 60 2. 67 
P vs H 34.00 0. 93 40.72 3. 86+ -0. 49 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A43. Components of variance for DH% (as angles) from individ­
ual environments of Experiment 1—Set 3C 
Environment 
Components D8K D8R I8R P8R 
30. 80 31. 84 29. 78 43. 57 
1. 55 -8. 38 10. 72 63. 32 
Se 32. 35 23. 47 40. 49+ 106. 89** 
SEnt^  1. 06 54. 86** 159. 32** 84. 35** 
sp2 7. 89 66. 34** 224. 57** 171. 86** 
-0. 63 96. 07** 143. 90** 292. 30** 
SM(P)2 10. 43 -2. 12 387. 91** 105. 05* 
 ^ 2 
Sp vs H 6. 62 47. 94** 19. 74* 21. 53 
-4. 78 51. 72** 139. 92** 31. 27 
2 
SF(H) -1. 08 50. 46** 68. 15+ 69. 17** 
SM(H)^  -1. 63 17. 56** 79. 53+ -11. 13 
e 2 Sp X M -5. 50 1. 18 29. 15* -24. 54 
2 
vs H 1. 90 3. 
25+ 
-1. 63 9. 92+ 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A44. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1—Set 3D 
Males 
Females IS 4646 IS 8315% IS 9317-1 157-P-3-1-1 Mean' 
Environment D8K 
Parents 69.1 62.5 74.7 77.4 73.7 
IS 18628 70.0 65.9 — — 73.7 77.9 72.5 
IS 5469* 69.2 — — — — — — — « — — 
IS 4036 75.3 76.4 68.9 81.8 75.0 77.8 
V-70-1-1-1 80.4 73.2 — — 74.9 81.4 76.5 
Meanb 75.2 71.8 76.8 78.1 75.6 
CSH-1 = 82. 1 IS 1054 = 63.8 Parental mean^  74.5 
LSD (0.05) = 7.5 
Environment 
a
.
 00 Q 
Parents • 40.2 42.8 60.3 69.6 56.7 
IS 18628 64.3 57.3 — •— 55.2 67.0 59.8 
IS 54693 50.1 — — — — — — — — — — 
IS 4036 65.9 69.3 60.9 56.0 70.4 65.3 
V-70-1-1-1 64.1 52.8 64.8 61.8 62.2 59.0 
Meanb 64.8 59.8 - — 57.7 66.5 61.3 
CSH-1 = 78. 4 IS 1054 = 48.6 Parental mean^  60.7 
LSD (0.05) = 11.5 
Environment I8R 
Parents 24.5 43.1 57.5 57.4 46.4 
IS 18628 51.2 43.3 wm — 49.1 55.3 49.2 
IS 5469% 20.8 — — — — — — — — 
IS 4036 53.0 40.5 54.6 53.9 58.1 50.8 
V— 70—1—1—1 59.7 43.2 — — 56.4 53.2 47.6 
Meanb 54.6 42.3 - - 49.8 55.5 49.2 
CSH-1 = 51. 8 IS 1054 = 22.1 Parental mean^  50.5 
LSD (0.05) = 8.7 
I^ncludes balanced set only. 
N^ot included in balanced set of parents and hybrids. 
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Table A44. (Continued) 
Males 
Females IS 4646 IS 8315a is 9317-1 157-P-3-1-1 Mean^  
Environment P8R 
Parents 11.9 27.5 48.4 46.9 35.7 
IS 18628 33.8 34.4 39.0 41.6 38.4 
IS 5469% 21.6 — — — — — — — — — — 
IS 4036 59.9 38.8 50.2 39.1 45.2 41.1 
V-70-1-1-1 55.4 28.1 42.8 57.1 65.5 50.2 
Meanb 49.7 33.8 — 45.1 50.8 43.2 
CSH-1 = 47. 5 IS 1054 = 21.6 Parental mean 42.7 
LSD (0.05) = 10.3 
Combined environments 
Parents 36.4 44.0 60.2 62.8 53.2 
IS 18628 54.8 50.2 — — 54.2 60.4 55.0 
IS 5469% 40.4 — — — — — — — — — — 
IS 4036 63.5 56.3 58.6 57.7 62.2 58.7 
V-70-1-1-1 64.9 49.3 53.8 60.1 65.6 58.3 
Meanb 61.1 51.9 - - 57.3 62.7 57.3 
CSH-1 = 64. 9 IS 1054 = 39.0 Parental mean^  57.1 
LSD (0.05) = 10.6 
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Table A45. Combined analysis of variance for DH% (as angles) for 
Experiment 1--Set 3D 
df MS dlZ! 
1  Env 3  8 9 0 4 . 7 9 * *  1 3  
2  Rep (Env) 8  2 4 8 . 4 6 * *  2 3  
3  Entry 1 4  6 9 6 . 4 5 * *  1 3  
4  Parents (P) 5  1 3 8 6 . 1 7 * *  1 4  
5  Females (F) 2  3 5 8 . 2 0  I f  
6  Males (M) 2  2 5 4 5 . 0 4 * *  f t  
7  F vs M 1  1 1 2 9 . 3 5 *  t f  
8  Hybrids 8  3 5 1 . 5 3 *  1 8  
9  Females 2  1 5 2 . 7 8  f t  
1 0  Males 2  1 0 4 9 . 2 7 * *  t f  
1 1  F X M 4  1 0 2 . 0 4  I f  
1 2  P vs H 1  2 . 1 9  2 2  
1 3  Entry x Env 4 2  1 2 1 . 0 2 * *  2 3  
1 4  P X Env 1 5  1 4 7 . 1 0 * *  t f  
1 5  F X Env 6  1 2 3 . 3 3 * *  f f  
1 6  M X Env 6  1 8 5 . 5 7 * *  t f  
1 7  (F vs M) X Env 3  1 1 7 . 7 1 *  f t  
1 8  H X Env 2 4  1 1 8 . 3 0 * *  f t  
1 9  F X Env 6  1 3 1 . 3 4  2 1  
2 0  M X Env 6  1 0 3 . 6 4  I I  
2 1  F X M X Env 1 2  1 1 9 . 1 2 * *  2 3  
2 2  (P vs H) X Env 3  1 2 . 3 5  I I  
2 3  Entry x Rep (Env) 1 1 2  3 3 . 0 3  2 7  
2 4  P X Rep (Env) 4 0  3 6 . 6 1  2 8  
2 5  H X Rep (Env) 6 4  2 9 . 0 4  2 9  
2 6  (P vs H) X Rep (Env) 8  4 7 . 0 5  2 7  
Theoretical error of binomial distribution 
27 Entry " 29.04 
28 Parents " 29.85 
29 Hybrids " 28.49 
Table A46. Analysis of variance of DH% (as angles) for individual environments of Experiment 
l~Set 30^ 
MS „ J J. Environment Source df : 
D8K D8R I8R P8R 
1 Rep 2 484.71** 23.41 409.49** 76.22 
2 Entry 14 60.30** 189.70** 253.38** 556.13** 
3 Parents (P) 5 56.26* 330.01** 520.17** 922.04** 
4 Females (F) 2 81.28* 2.75 60.34 583.82** 
5 Males (M) 2 54.58+ 676.16** 1088.86** 1282.16** 
6 F vs M 1 9.55 292.26* 302.42** 878.25** 
7 Hybrids (H) 8 68.67** 125.23* 115.94** 396.56** 
8 Females 2 68.15b 105.13° 23.86 349.64b 
9 Males 2 98.28% 192.57° 394.52** 674.81° 
10 F X M 4 54.12+ 101.61+ 22.68 280.99** 
11 P vs H 1 13.62 3.89 19.03 2.76 
12 Entry x Rep 28 20.32 47.03** 27.08 37.69 
Theoretical error of binomial distribution 
13 25.60 26.75 24.53 39.25 
S^ 13 was used as the denominator for the F-test of MS 12, and MS 12 was used as the 
denominator for the F-test of all other sources of variation, except where otherwise noted. 
b F-test denominator was MS 10. 
274 
Table A47. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1—Set 3D 
Component* 
Group 
Sd^  Se' E^ntxEnv^  s 2 s&nt 
Entry 29.04 3. 99 33.03 29. 33** 47. 95** 
Parents (P) 29.85 6. 76 36.61 38. 02** 103. 34** 
Females (F) M  I I  I I  30. 10** 17. 59 
Males (M) t t  I I  I I  50. 85** 199. 83** 
F vs M I I  I I  I I  9. 41* 27. 28* 
Hybrids (H) 28.49 0. 55 29.04 28. 42** 19. 44* 
Females t t  I I  I I  1. 36 0. 96 
Males n  I I  I I  -1. 72 25. 86** 
F X M I I  I I  I I  28. 70** -1. 36 
P vs H 29.04 2. 58 47.05 -0. 96 -0. 1.2 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A48. Components of variance of DH% 
ual environments of Experiment 
(as angles) 
1—Set 3D 
from individ-
Component* 
Environment 
D8K . D8R I8R P8R 
CM 
25.60 26.75 24.53 39.25 
Y -5.28 20.28** 2.55 -1.58 
20.32 47.03** 27.08 37.69 
®Ent^  13.33** 47.56** 75.43** 172.81** 
sp2 11.98* 94.33** 164.36** 294.78** 
SF(P)2 20.32* -14.76 11.09 182.04** 
SM(P)^  11.42+ 209.71** 353.93** 414.82** 
2 
sp vs M -1.20 26.14* 30.59** 93.40** 
16.12** 26.07* 29.62** 119.56** 
SF(H)^  1.56 0.39 -0.36 7.63 
SMCH)^  4.91 10.11 40.83** 43.76 
2 
sp X M 11.27+ 18.19+ -1.47 81.10** 
s 2 . 
vs H -0.31 -2.00 -2.68 -1.62 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A49. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1—Set 3E 
Males 
Females IS 4664 EN 3308 EN 3255 211-P-1-2-1 Mean' 
Environment D8K 
Parents 75.8 77.2 71.6 80.1 76.2 
IS 2122% 62.7 — — 73.1 — — — — — — 
IS 18640 76.7 74.2 75.7 72.1 75.6 74.4 
IS 18583° 80.1 — — 74.8 74.6 — — 
V-99-1-1-1 73.1 70.1 77.6 73.4 76.9 74.5 
Mean^  74.9 72.2 76.7 72.8 76.3 74.5 
CSH-1 = 81. 9 IS 1054 = 63.4 Parental mean^  75.8 
LSD (0.05) = 8.9 
Environment D8R . 
Parents 66.3 60.1 56.6 68.3 62.8 
IS 2122b 41.4 — — 52.6 — — — — — — 
IS 18640 67.2 64.1 69.8 61.8 71.9 66.9 
IS 18583b 65.0 — — 60.5 61.3 — — — — 
V-99-1-1-1 76.8 64.0 65.0 65.6 70.4 66.3 
Mean& 72.0 64.1 67.4 63.7 71.2 66.6 
CSH-1 = 73. 7 IS 1054 = 54.6 Parental mean^  65.9 
LSD (0.05) = 9.8 
Environment I8R 
Parents 51.8 34.9 29.4 61.3 44.3 
IS 2122b 20.6 •V im 32.7 M m. — — — — 
IS 18640 45.4 51.3 47.9 44.0 53.1 49.1 
IS 18583b 44.1 — — 41.2 43.9 — — — -
V-99-1-1-1 54.5 46.1 50.6 49.6 50.7 49.3 
Mean^  50.0 48.7 49.3 46.8 51.9 49.2 
CSH-1 = 50. 1 IS 1054 = 24.7 Parental mean* 46.2 
LSD (0.05) = 7.9 
N^ot included in balanced set of parents and hybrids. 
I^ncludes balanced set only. 
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Table A49. (Continued) 
Males 
Females IS 4664 EN 3308 EN 3255 211-P-1-2-1 Mean* 
Environment P8R 
Parents 60.8 42.8 47.3 68.0 54.7 
IS 2122^  26.7 — mm 35.3 M mm — — 
IS 18640 40.6 55.5 41.4 53.8 59.4 52.5 
IS 18583b 49.2 — — 47.4 49.3 — — — — 
V—99—1—1—1 64.9 57.8 48.9 48.9 56.6 53.1 
MeanB 52.7 56.7 45.2 51.4 58.0 52.8 
CSH-1 = 68. 9 IS 1054 = 48.4 Parental mean* 54.1 
LSD (0.05) = 19.4 
Combined environments 
Parents 63.6 53.8 51.2 69.4 59.5 
IS 2122% 37.9 _ mm 48.4 _ — — — — — 
IS 18640 57.5 61.3 58.7 57.9 65.0 60.7 
IS 18583% 59.6 — — 56.0 57.3 - -
V-99-1-1-1 67.3 59.5 60.5 59.4 63.6 60.8 
Mean* 62.4 60.4 59.6 58.7 64.3 60.8 
CSH-1 = 68. 6 IS 1054 = 47.8 Parental mean& 60.5 
LSD (0.05) = 9.8 
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Table A50. Combined analysis of variance for DH% (as angles) for 
Experiment 1—Set 3E 
MS 
no. 
Source df MS F-test denom. 
1 Env 3 6358.26** 13 
2 Rep (Env) 8 79.13 23 
3 Entry 13 294.51** 13 
4 Parents (P) 5 664.19** 14 
5 Females (F) 1 579.95* I t  
6 Males (M) 3 869.55** I I  
7 F vs M 1 132.33 I I  
8 Hybrids 7 72.11 18 
9 Females 1 0.01 I I  
10 Males 3 147.52* I I  
11 F X M 3 20.73 I I  
12 P vs H 1 2.89 22 
13 Entry x Env 39 73.81 23 
14 P x Env 15 126.97** I I  
15 F x Env 3 195.32* 
16 M X Env 9 107.40+ I I  
17 (F vs M) X Env 3 117.35 I I  
18 H X Env 21 40.42 I I  
19 F X Env 3 1.46 
20 M X Env 9 63.00 I I  
21 F X M X Env 9 30.84 I t  
22 (P vs H) X Env 3 41.76 I t  
23 Entry x Rep (Env) 104 55.14** 27 
24 P X Rep (Env) 40 48.29* 28 
25 H X Rep (Env) 56 59.50** 29 
26 (P vs H) X Rep (Env) 8 81.62** 27 
Theoretical error of binomial distribution 
27 Entry «> 29.69 
28 Parents oo 31.86 
29 Hybrids ™ 28.06 
Table A51. Analysis of variance of DH% (as angles) for individual environments of Experiment 
1—Set 3E^ 
MS „ J- Environment Source df 
no. D8K D8R I8R P8R 
1 Rep 2 37.36 172.82* 0.67 105.65 
2 Entry 13 22.40 78.82* 191.45** 223.28 
3 Parents (?) 5 27.86 148.26** 442.69** 426.28* 
4 Females (F) 1 19.90 139.04+ 123.66* 882.92** 
5 Males (M) 3 37.63 88.82+ 654.48** 410.82* 
6 F vs M 1 6.53 335.83** 126.34* 16.04 
7 Hybrids (H) 7 19.18 39.73 26.69 107.79 
8 Females 1 0.03 2.60 0.15 1.59 
9 Males 3 32.72 72.44 26.11 205.24 
10 F X M 3 12.02 19.39 36.11 45.75 
11 P vs H 1 17.68 5.20 88.58+ 16.71 
12 Entry x Rep 26 28.51 34.53 22.39 135.12** 
Theoretical error of binomial distribution 
13 " 27.56 28,45 25.34 37,29 
S^ 13 was used as the denominator for the F-test of MS 12, and MS 12 was used for the 
F-test of all other sources of variation. 
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Table A52. Components of variance of DH% (as angles) from the com­
bined analysis of Experiment 1--Set 3E 
Group 
Component' 
Sd e E^ntxEnv SEnt 
i.l4** 6.23 18.39** 
1.29* 2 3 . 9 4 * *  44.77** 
I t  46.73* 37.75* 
I t  17.42* 61.88** 
t f  7.78 0.17 
1.50** -4.90 2.64 
t f  
-4.47 -0.84 
I t  1.31 4.46* 
t f  
-8.10 -1.64 
.62** -0.72 -0.53 
Entry 
Parents (P) 
Females (F) 
Males (M) 
F vs M 
Hybrids (H) 
Female 
Males 
F X M 
P vs H 
29.69 
31.86 
f t  
u 
t f  
28.06 
ft 
tf 
ft 
29.69 
16.43* 48.2
ft 
ft 
t f  
31.44** 
ft 
tf 
It 
8.44** 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A53. Components of variance of DH% (as angles) from individ­
ual environments of Experiment 1--Set 3E 
Environment 
Component 
D8K D8R I8R P8R 
Sd' 27. 56 28. 45 25. 34 37. 29 
0. 95 6. 08 — 2. 94 97. 83** 
SeZ 28. 51 34. 53 22. 39 135. 18** 
SEnt^ - 2. 04 14. 76* 56. 25** 29. 39 
Sp2 -0. 22 37. 91** 140. 00** 97. 05* 
-2. 87 34. 84+ 33. 66* 249. 27* 
SM(P)^  3. 04 18. 10+ 210. 60** 91. 90 
2 
sp vs M -2. 75 37. 66** 12. 96* -14. 89 
-3. 11 1. 73 1. 33 -9. 11 
-2. 37 -2. 66 -1. 88 -11. 13 
SM(H)^  0. 70 6. 32 0. 57 11. 69 
X -5. 50 -5. 05 4. 47 -29. 79 
2 
sp vs H -0. 53 -1. 43 3. 20+ -5. 76 
^Subscripts identifying the variance components are explained 
in Table 6. 
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Table A54. DH% (as angles) for individual and combined environments 
for parents and hybrids of Experiment 1—Set 3F 
Males 
Females IS 4776 EN 3332-2 EN 3257-4 E 302* Mean' 
Environment ; D8K 
Parents 70.0 79.3 75.0 75.4 74.8 
IS 2146* 66.4 — 77.6 75.6 67.2 — — 
IS 5613 69.2 65.OC 73.4 78.5 — — 72.5 
IS 18585 71.9 78.6 69.8 74.9 70.1 74.5 
3-P-5-1-1 83.2 70.7 80.8 78.7 78.9 76.8 
Meanb 74.8 71.6 74.7 77.4 
- -
74.6 
CSH-1 = 83. 2 IS 1054 = 71.0 Parental mean^  74.7 
LSD (0.05) = 11.1 
Environment D8R 
Parents 44.7 55.5 56.8 65.2 52.3 
IS 2146® 43.9 — — 53.4 51.8 55.9 — — 
IS 5613 47.1 56.6 50.3 61.0 56.1 
IS 18585 41.3 53.8 47.7 47.7 55.0 49.7 
3-P-5-1-1 75.5 66.7 59.5 70.7 69.8 64.4 
Meanb 54.7 57.8 52,5 59.8 - - 56.7 
CSH-1 = 76. 3 IS 1054 = 59.3 Parental mean^  53.5 
LSD (0.05) = 9.9 
Environment I8R 
Parents 28.7 29.1 35.3 31.1 31.0 
IS 2146* 15.4 _> — 18.8 24.8 33.7 — — 
IS 5613 26.6 14.1 17.1 34.9 — — 22.0 
IS 18585 19.4 32.8 24.8 26.2 26.3 27.9 
3-P-5-1-1 52.1 37.3 43.5 48.0 49.1 42.9 
Meanb 32.7 28.1 28.4 36.4 - - 30.9 
CSH-1 = 45. 2 IS 1054 = 35.1 Parental mean 31.8 
LSD (0.05) = 9.9 
I^ncludes balanced set only. 
N^ot included in balanced set of parents and hybrids. 
V^alue for this hybrid in the D8K environment was estimated from 
values of the same entry in other environments. 
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Table A54. (Continued) 
Males 
Females IS 4776 EN 3332-2 EN 3257-4 E 302* Mean^  
Environment P8R 
Parents 16.3 23.6 36.9 27.9 25.6 
IS 2146* 16.2 — 16.5 16.7 17.0 — — 
IS 5613 16.5 17.1 16.1 24.1 - - 19.1 
IS 18585 18.7 31.3 21.6 24.4 16.5 25.7 
3-P-5-1-1 54.9 43.0 42.1 57.5 53.6 45.2 
Meanb 30.0 28.1 26.6 35.3 - - 30.0 
CSH-1 = 57. 0 IS 1054 = 31.0 Parental meanb 27.8 
LSD (0.05) = 10.4 
Combined environments 
. 
Parents 39.9 46.9 51.0 49.9 45.9 
IS 2146% 35.5 — — 41.6 42.2 43.4 — — 
IS 5613 39.8 38.3C 39.2 49.6 — — 42.4 
IS 18585 37.8 49.1 41.0 43.3 42.0 44.5 
3-P-l-l-l 66.4 51.8 56.5 63.7 62.8 57.3 
Meanb 48.0 46.4 45.6 52.2 - - 48.1 
CSH-1 = 65. ,4 IS 1054 = 49.1 Parental mean^  47.0 
LSD (0.05) = 7.9 
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Table A55. Combined analysis of variance for DH% (as angles) for 
Experiment 1--Set 3F 
MS 
no. 
Source df MS F-test denom. 
1 Env 3 20985.63** MS 13 
2 Rep (Env) 8 252.34** 23 
3 Entry 14 996.12** 13 
4 Parents (P) 5 1389.43** 14 
5 Females (F) 2 3057.28** 15 
6 Males (M) 2 376.47* 16 
7 F vs M 1 79.64 17 
8 Hybrids (H) 8 868.42** 18 
9 Females 2 2354.37+ 11 + 19^  
10 Males 2 471.86 11 + 20^  
11 F x M 4 323.73** 21 
12 P vs H 1 51.17 22 
13 Entry x Env 42 92.34** 23 
14 P X Env 15 80.89* I I  
15 F X Env 6 131.75** I I  
16 M X Env 6 62.86 I I  
17 (F vs M) X Env 3 15.22 I I  
18 H X Env 24 105.91** I I  
19 F X Env . 6 292.20** I I  
20 M X Env 6 40.90 I I  
21 F X M X Env 12 45.28 I I  
22 (P vs H) X Env 3 40.96 
23 Entry x Rep (Env) 112 40.48* 27 
24 P X Rep (Env) 40 40.83+ 28 
25 H X Rep (Env) 64 36.10 29 
26 (P vs H) X Rep (Env) 8 73.76* 27 
Theoretical error of binomial distribution 
27 Entry <» 31.26 
28 Parents » 30.67 
29 Hybrids ™ 31.65 
M^S 9 and 10 were tested by an approximate F-test according to 
the method described in Snedecor and Cochran (1967) . 
Table A56. Analysis of variance of DH% (as angles) for individual environments of Experiment 1— 
Set 3F 
Environment 
MS 
no. 
Source df 
D8K D8R I8R P8R 
MS F-test denom. MS 
F-test 
denom. MS 
F-test 
denom. MS 
F-test 
denom. 
2 
14 
5 
2 
2 
1 
8 
2 
2 
4 
28 
10 
16 
2 
MS 
316.17** 12 
77.81+ " 
92.17+ 
165.24* " 
65.19 " 
0.00 "  
1 Rep 
2 Entry 
3 Parents (P) 
4 Females (F) 
5 Males (M) 
6 F vs M 
7 Hybrids (H) 
8 Females 
9 Males 
10 F X M 
11 P vs H 
12 Entry x Rep 
13 P X Rep 
14 H X Rep 
15 (P vs H) X Rep 
Theoretical error of binomial distribution 
16 Entry <» 29.78 
17 Parents <*> 27.84 
18 Hybrids ™ 31.06 
78.51 
41.56 
75.34 
98.56+ 
0.38 
44.24* 
42.25 
40.22 
86.43+ 
10 
12 
16 
17 
18 
16 
83.63 
273.43** 
459.97** 
1005.75** 
131.95* 
24.48 
177.07** 
486.78** 
128.08* 
46.71 
34.96 
30.33 
41.97 
2.09 
29.26 
28.31 
29.89 
MS 
12 
f l  
I I  
I t  
M 
111.62+ " 
16 
17 
18 
16 
MS 
609.11** 12 
357.29** " 
372.97** 
885.70** 
40.71 
12.03 
391.07** 
1043.38+ 
197.04 
161.92** 
8 .62  
43.79* 
62.00* 
17.72 
161.39** 
28.81 
30.08 
27.97 
13 
14 
10 
t t  
14 
12 
16 
17 
18 
16 
0.43 
564.60** 
706.98»* 
1395.84** 
327.21** 
88.79 
53.36 
38.92 
28.75 
44.50 
45.15 
37.19 
36.44 
37.69 
MS 
12 
f l  
t t  
( I  
t t  
539.52** " 
1659.24* 10 
194.09 " 
152.37* 12 
16 
17 
18 
16 
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Table A57. Components of variance of DH% (as angles) from the com­
bined analyses of Experiment 1—Set 3F 
Component^  
Group 
:p' Se^  
s  2 
EntxEnv 
- 2 
®Ent 
Entry 31.26 9.22* 40.48* 17.29** 75.32** 
Parents (P) 30.67 10.16* 40.83+ 13.47* 109.05** 
Females (F) I I  I I  I I  30.42** 243.79** 
Males (M) I I  I I  I I  7.46 26.13* 
F vs M I I  I I  I I  -2.81 1.79 
Hybrids (H) 31,65 4.45 36.10 21.81** 63.54** 
Females I I  I I  I I  27.97** 49.41+ 
Males I I  I I  I I  0.05 4.10 
F X M tl I I  I I  1.60 23.20** 
P vs H 31.26 5.90* 73.76* 0.02 0.12 
^Subscripts identifying the variance components are explained 
in Table 6. 
Table A58. Components of variance of DH% (as angles) from individual environments for Experiment 
1—Set 3F 
Component» : Environment Component" Environment 
s 
D8K D8R I8R P8R D8K D8R I8R P8R 
s,^  29.78 29.26 28.81 37.19 s_ 11.19+ 79.49** 104.50** 175.23** d Ent 
 ^ 27.84 28.31 30.08 36.44 15.98+ 141.67** 103.66** 222.69** dCP) 
d^(H)^  31.06 29.89 27.96 37.69 ®F(P)^  40.33* 323.59** 274.57*^  452.31** 
6.98 32.33* -7.10 96.10** 
s ^  14.47* 5.71 14.98* 1.74 s„ J" -4.92 -1.17 -5.55 5.54 p F vs M 
12.47 2.01 31.92* -7.69 11.42 47.37** 124.45** 166.87** 
s 9.16 12.08 -10.25 6.82 -6.33 50.20** 97.94+ 167.43* 
p(H) F(H) 
s 7.87+ -3.77 18.41** 1.11 -7.74 10.35* 3.90 4.64 
p(P vs Hj MCHj 
s_ J 18.11+ 3.92 48.07** 37.82* 
F X M 
s ^  44.24* 34.96 43.79* 38.92 s  ^ -2.03 3.55+ -7.07 0.67 
e p vs H 
s 42.25 30.33 62.00 28,75 
eiPj 
e^CH)^  40.22 41.97 17.72 44.50 
®e(P vs 86.43+ 2.09 161.39** 45.15 
a, Subscripts identifying the variance components are explained in Table 6. 
